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REPORT OF THE SECRETARY OF THE SMITH¬ 
SONIAN INSTITUTION 

ALEXANDER T^^TMORE 
FOR THE YEAR ENDED JUNE 30, 1949 

To iAe Hoard of Htgtntv of thr Smthwnian InstxtuHon: 

Gentl£MO: I bfivo the honor to submit herewith mjr report show¬ 
ing the activities and coiidition of the Sjnkhsoaiaii Itisutution ood 
its hureaufi during the fiscal year etjded June 30, 1949, 

gkkkral statement 

The Institution continued vigorously to pursue iUs pro^am of 
acUvjtics in "the merfftse and diffusion of knowledge” as stipulated 
by its founder, James Smiilmon. The increasp of kiiowdodge is fos¬ 
tered by original acienlific researches and o^lonilions in the hdda 
of atitliropology, biology, geology, and astrophysics; the diffusion of 
knowledge, by publicatioiia in a iiiimber of series that are distributed 
free to libraries and educational institution# throughout tiio world, 
by extensive museum and art gallery exhibits, by the International 
Exchange SerHeo for the world-wide mtcrehaugo of sdentifio and 
governmental publications, and by a large correapondcnco, both 
national and interuationaL 

I present first certain general features of the year'a activities, 
together Avith a summary of the work of the several bureaus of the 
Institution, to afford a concise pieture of the events of the year. 
Next follow appendwea containing more detailed reports on each 
bureau, and finally there appeare the hnandal statement of the Execu¬ 
tive Committee of (Jio Hoard of Regents. The appeadixea contain 
reports on the United Slates National Museum, the National Ctallery 
of Aft, the National Collection of Fine Arts, the Freer Gallery of 
Art, the Bureau of American Ethnology, the International Exchange 
Service, the National Zoological Park, the Astrophysical Observatorjj 
the National :Ur Museum, the Canal Zone Biological Area, the Smith¬ 
sonian library, and the publications of the Institutioii. 
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Wben the Smitbaonisn Institution began its operations more than 
ons bundled years ago, it carried on its research programs laigeJy by 
anbaidijEing the ytotk of scientists not on its own staff, and by publish- 
ing the results of their work. jVs these pioneer researches expanded 
in Bcopo and became somewhat stabilized, bureaus gradually grew up 
around the Institution, each with iu nivn staff specioBaing m the 
work of that particular field. The value of the various activities 
gradually became known to the Nation, and eventually one by ono 
they were recognized as public nectesitics by the Congress. Most of 
them arc now supported largely by Government funds although re- 
mnining under Smithsonian direction. At present, nearly all the 
researcli and exploration of the Institution is done tlirough these 
bureaus, notably the United Slates National Museum, the Bureau 
of American Ethnology, and the Astrophysieal Observatory, 

As stated in lost year's report, the Institution has for many years 
operated under the hontUcap of shortages of personnel and of ade¬ 
quate housing space, I reported that the Smitlisoniau Institution 
has today the same amount of space that it had in 1911 iu srhich to 
accommodate four times as many visitors and four times as many 
museum specimens. Much thesomo condition stiU prevails. Some 
alight gain w'as apparent in pereouneJ in a few of the scientific divi¬ 
sions, but not Biiffident for the prompt execution of essential cura¬ 
torial work and adequate research on the National collections. The 
crowded condition, parliculaily in the buildings of the National 
Museum, remained unallcTiatcd. In the report of the Director of 
the Museum it will be noted that there is a considerabJe decrease (n 
number of specimens accessioned during the year, a decrease which, 
ha says, "may be nttributeii in part to the inadequacy of available 
etorage facilities for the preservation of such materials.” More ade¬ 
quate building sjmee is one of our major needs. 

Though hampered by space conditions it should bo brought to 
attention that tlie Smithsonian Institution continues to grow and to 
expand its usefulness year by year. In tlie 5 years during which I 
have served as Secrotory, tliree additional activities have beon added 
to its responsibilities—the Canal Zone Biological Area, the National 
Air Museum, and the Kiver Basin Surveys, the latter a unit of the 
Bureau of American Ethnology. The work of these new activities 
has notably angmonted Smithsonian efforts toward the increase and 
diffusion of knowledge in widely diversified fields, as will be seen in 
reading the detailed reports appended hereto. The purpose in calling 
attention to deficiencies is to emphasize the obvious fact that a growing 
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Institution auch as tbo Smitiisonian, of so vita] iuterest cat) import&nce 
to the Amcncan people, must receive increased fimnciiU support if 
it la to oontinoe to meet its full obligatbna md to further iho high 
ideals of its founder, James Smitliaon, who left bis entire fortune in 
trust to the United Stntoa of America for the benefit of all rDankiadt 

PRKSENTATION of THB WRIGHT DROTnRRS' AEJlOPLANli OF 1003 
TO THE UNITED STATES NATIONAL MUSEUU 

On Deoember 17, 1048, the forty-fifth anniremry of the first Qight 
Uy tVllbur and Orville Wright at Kitty Hawk, K. C., the original 
aeroplane that made tliat historic fiigbl became the property of tbo 
American people. At a formal ceremony in tbo Mugomn attended 
by many liigh civil anti military oflicAals the plane was presented to 
the United States National Muaemu by Milloti Wright on behalf of 
the estate of Orville Wright. 

The story of the plane goes back to December 17, 1303, when tbo 
Wright Brothers wero ready after several years of research and 
e^tparinicnt to test out their gasoIine-engine-poR'Oi’cd biplane at 
Kitty Hawk on Uic coast of North Carolma. With Orvillo at the 
controls, the inachino was released, and after a 40-foot run on the 
launching track, it lifted into the air in full fliglit, lu Orville Wright’s 
own words: 

"The Qighl lasted only 12 seconds, but it was nevorliielcss tho first 
in the history of the world in which a maciiinc carrying n man had 
raised itself by its own ])ower into Lite air irt full flight, had sailed 
forward without reduction of speed, and had finally lanried at a peiiit 
as h i^h as that from which it started." 

Three more flights were inado tlie same day, but aftor tho last 
flight a strong gust of wind turned tho plane over, dainaging it so 
badly that no more trials wore made tbnt year. Tho damaged 
tnnehine and engine wero sent back to the Wrigbts' wotkaliop in 
Dayton, and 13 years later were roatored, using all the origina] parte 
available. Tho aeroplane was displayed at tho Mossa^u^tte 
Institute of Technology and later at several aeronautical oxhibitiona. 
Id 1928 Orville Wright bad it sent as a loan to tbo Science Museum 
at South Kensington, London, England, where it reniained on exhibi¬ 
tion until World War II. Owbg to the danger of daniogo by bomb¬ 
ing, tho plane was removed to a safe place for tie duration of the war. 

W»on Orville Wright died on January 30, IMS, It was teamed 
from papers in his files that he wished the Kilty Ifawk aeiopbuifl to 
he returned to the United States and plftwd lu the Natioiml Museum. 
Tho osecutora of his estate oonferrod with ofliciala of tho Science 
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Museum arid of ibe Smithsoman Instilutiou, and with the ifencrotia 
cooperation of the British Government the actual transfer of the 
piano took place in Novomber 1043, It was brought acmas tho 
At]antic to on tho MaureUtnia, from there to Baynnno, 

N. J., on the Navy carrier Paiau, and to Washington by Navy truck. 

At the formal preseniatiori on December 17, 1948, the ceremonies 
were opened by the Secretary of the Smithsonian Institution. After 
the invocation by Mn], Gen. IjUlher D, Millcrj Chief of Chaplains, 
Department of tho Army, and greetings by tbe Presiding Officer, 
Chief Justice Fred M. Vinson, Oianceller of the Smithsonian Institu- 
tiou, a message from the President of the United States was read by 
Col. Robert B. I^andry, Air Force Aide to Uie President. His Britan¬ 
nic Majesty's AmbassBcior, Sir Oliver Franks, K, C. B,, C, B. E., 
then spoke on “Bnlaio and the ^V''^igbt Brotbere/' after which the 
presentation of the aeroplane was made by Milton Wright, of Dayton, 
Ohio, on behalf of tlie estate of Orville Wright. Mr, Wright told of 
his boyhood recollections of his uncles' bicycle shop where the Kitty 
Hawk plane was fahricsted, and concluded thus: 

*‘Tho aeroplane moans many things to many people. To some it 
may be a vehicle for romantic adventure or simply quick transporta¬ 
tion. To others it may be a military weapon or a means of relieving 
suffering. To me it represents tlie fabric, the glue, the spruce, the 
sheet mcial, and tho wire which, put together under commonplace 
circumstancea but with knowledge and skill, gave substance to 
dreams and fulfillment to hopes.” 

The aeroplane was accepted on bebolf of Iho Smithsonian Institu¬ 
tion by Chief Justice Fred M. Vinson, Chojicdbr of tho Institution, 
and the address of acceptance was given by Vice President-Elect 
Albert W. Barkley, u regent of the Institution. In the course of hia 
address Mr. Barkley expressed one thought that doubtless was in the 
minds of all participants in tho ceremony; 

“It is a matter of deep regret to nil of us that Orville Wright could 
not have been here today Ui see this wide public recognition of achieve¬ 
ment, and receive in person the fitting acclaim to his brother, to 
himself, and to their Kilty Hawk plane. We are grateful lo all of 
those who have made it possible to bring the plane hack to its native 
soil, and especially to tbo heirs of the estate of Orville Wright, for 
depositing the Kitty Hawk machine here where all America will have 
an opportunity to sec it, and whero aU may do It fiiting honor,” 

The Kitty Hawk aeroplane now hangs suspended from the ceiling 
of the north ball of the National Museum’s Arts and Industries 
Building, where tho presentation cerernony was hold. Directly back 
of the main entranco, the piano is tho liret objeci Lo meet the eyes of 
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the thousands of visitors who throng the Muscura daily. Aa thus 
displayed it bears the following label: 

The 

WRIGHT BROTHERS' AEROPLANE 
The worid'ft flrat 

pover-driven hcavier-than-Eir cnachint In ^vhlch mAfs 
made freCp controll@d^ a.iid sustained flight 

Invented and built by Wilbur and OrviPe Wrii^ht 
Flown by them at Kitty Hawk, North CaroHha 
December 17, 1*303 

By otigmal sclentiflo research the Wriglit Brothcra 
discovered the principles of human fflght 

As luventorsj bu ildcrSp and flyore 
they further developed the aeroplanttp teiught mm. lo fly 
and opened tEio era of aviation 

Deposited by the Estate of OrvlUe WrtEht 
O 

**Tlio first lasted only ta-efve Aecondsp a (liRfht very modest eompared 

with that of birdsp but it was nevertbelcs^ Ibo fir^t in the Mstory of the world to 
which a luacMno carry ling! a man. had raised itself by its own pow'cr Into the aif 
In free flighty had salted forward on a level course without redoctioa of speedy and 
had dnally landed without being wrecked. The aecond and third Hights w^cro a 
llttlo longer* and the fourth lofitcd 59 aeconds covering a diatancc of ^2 feet over 
the ground against a 20 inilo wind."'—W ilbUq and Okvill^ Wbigkt. 

(Fftip Centory MsfiilDe, tSL TS^ SesLemner l£ca, p. fl4&.> 

This is not the final ntsLing place of the plane, Lovi'eTOi^it is 
destined o’^entually to occupy tho place of honor Ln the National Air 
Museuna, the most teeeivt bureau of the Smithsonian Institution. 
Prelimiuarj' plans for tho Air Miistium enTision a special centrally 
located exhibit area for the Wright aeroplane of J90S, to serve ns n 
momo^al to the birth of o-Yiatioii. 

THE ESTABLISHMENT 

The Smithsonian Institution was creoted by act of Congress in 
1846, according to Uio terras of tlie will of James Smithson, of England, 
who in 1326 bcqueatljcd his property to the Utiiied States of America 
"to found at Woehingtoii, under tho name of the Smithsonian Insti¬ 
tution, an establishment for tlie increase and diffusion of knowledge 
among men." In receiving the property and accepting the trust, 
Oongrm determined that the Federal Government was without 
authority to administer (he trust directly, and, therefore, constituted 
an "estabiislMneiit" whose statutory membem are "Urn President, 
the Vice President, the Chief Justice, and the heads of the executive 
departments." 


6 


ANmrAL REPOHT SMITHSONIAN' INSTITUTION, 

THE BOARD OF REGENTS 

The following changes occurred during tlic year in the personnel of 
the Board of Regents: 

On January 20,1949, Vico President Alben W. Barkley (formerly a 
regent by appointment from the Senatn) became etc officio a member 
of the Board. 

On February H, 1949, the following regents were appointed from 
the Houeo of Eepreaentatives: Clarence Cannon of Missouri; John M. 
Vorys of Ohio; and E. E, Cos of Georgia to succeed Samuel K. 
McConnell of PenusylTania. 

On March 8, 1949, Sauatona Leverett Saltonstall and Clinton P. 
Anderson were appointed to succeed Vice Presidetil Albcn W. Barkley 
who b^me an es officio member of the Board, and Senator Wailaea 
H. White of Maine, retired. 

On March 10,1949, Dr. jeromo C. Humsakor was appointed a citizen 
regent from Nfasaachusetts for tbs etotutoiy term of fiycaia, to succeed 
Frederic C, Walcott, retired. 

The roll of regents at the close of the fiscal year, June 30 1949 
^vas as follows: * * 

Chief Justice Fred M. Vinson, Chancellor; Vico President Alben W. 
Barkley; members from the Senate: Walter F. Goorge, Clinton P. 
.cVndcrsan, Leverett Saltonatall; members from the House of Rcprc- 
BOntativas: CJarenco Cannon, John U. Voiys, E. E. Cos; citizen mem¬ 
bers: Harvey N. Davis, Arthur H. Compton, Vannevar Bush, Robert 
V. Fleming, and Jerome C. llutisakcr. 

ProecedinpSf ^Thc Board of Regents held its annual meeting on 
Januaiy 14,1949. Present: Chief Justice Fred M. Vinson, Chancellor; 
Representative Clarcrice Cannon, Representative John M. Voiys* 
Dr. Arthur H. Compton, Dr. Harvey N- Davis, Dr. Robert V^. Flem- 
Secretary Alexander W^etmoro, and Assistant Secretary John E 
Graf. 

TTia Secretary presented his annual report covering the activities) 
of the Institution and its bureaus, including the financial report of tlic 
Executive Committee, for the fiscal year ended June 30, 194S which 
was awepted by the Board. The usual resolution nutliorizing the 
expenditure by the Secrotaiy of the income of the Institution for the 
fiscal year ending June 30, 1950, adopted by tho Board. 

It was announced that in support of tlie work of the Aatrophyaicnl 
Observatory John A. Roebljng had made a further generous gift 

which IS of major importance in canying on these Bcientific inveati^ 
gallons. 

The finDua] report of tho Smitbo^isiaii Art Comtnissio^i vas pra- 
Boiitcd by tho Secretary and accepted by the Board, A resolution waa 
adopted to reelect tho following members for 4-ycar tomiB: Archibald 
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G, Wenlsy^ David E. Finley^ Eugene E, Speiclici-, Paul Manslnp. 
The foUowing officeTs were reolccted for the enanini: yeart Chairman^ 
Paul ManBhip; vice cbairtnaUp Robert Woods BlUe; secneUiyj 
Alexander Wetmore. 

The Board was advised Uiat in an attempt to recover the Gellatly 
art collection from the Secretary in lib status of a private individual, 
though acting as custodian under the Smithsonian Institution^ Mrs. 
Charlayne Qellatlyb attorneys had filed action in the District Court 
of the United States for the District of Columbia on June IBj 1047* 
Under data of June 17^ I043p Judge J. McGuire rendered a decision 
tbatp in tbo opinion of the Courts there was no merit in Mrs* Gellatlyb 
claims, since it waa found that thcro was a valid gift to the United 
Statea by tbe deceased p John Gellatly p before bis death and before hia 
marriage. On July 1% 1948, tbo attorney for Mrs. Gellatly filed notice 
of appeal before tiie United States Court of Appeals for tlio District 
of Columbia* Marvin C* Taylor, special attomeyp Department of 
Justice, represented tho Institution. 

On the evening of March 1,1949, ftn informal moating of tbe Board 
was held at dinner in tho Main HaU of the Smithsonian Buildmg, with 
tho Chaiicohorp Chief Justice Fred M* VinGon, presidir^. At this 
mooting heads of tho various activities under tho Inatitution pi:o- 
aented atatements relative to their work. These statements^ mth the 
ensuing discussion, provided a general view of tho existing operations 
of the Smithsonian> particularly in the rcaeartb field, 

FINANCES 

A statement on finances, dealing particularly with Smithsonian 
private finidi:^, will be found in the report, of the Executive Oommittoa 
of the Board of Kogenta, page 143* 


ApmopaTATioNa 


Funds appropriated to the Institution for the fiscal year ended June 
30, 1949, totaled 32,259,009, allotted aa follows: 


Goeorat udmiQJjtrntloa,------------ 

NatKcaol Museum.-,-*--- -- 

OuieAu of AmcriMn Bthnology,,,-^^ 

Aitrophyileal Otraenfatcry-.. 

NationiU CollecMon of Fine Aria—— 
Intumatienal EKctjartgo Servios.—*- 

MalDtonjwice and operation-—,- 

Service divicionfl.— --— 

National Air Mu&aam———— 

Caned Konc Blolo^cal Area.-.. 

UaatJottod - 


7\%&m 

71pS9a 

mi, 590 

32,543 
OS, ess 
704p 52S 
274,443 
180,235 
4p7{j0 
400 


Total 


2. 253, poo 
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la additioa 81,073,500 was appropriated to Uie Natioaol Galloiyof 
Art, a bureau of tlie Itiatitution but admioistered by a separate board 
of trustees; and 8528,848 waa provided in tba District of Columbia 
appropnation act for the operntioii of the National Zoologied Park, 

Besides these direct appropriatioos, the Institution received funds 
by transfer from other Federal agencies, as foilows; 

From die State Department, from the appropriation Cooperation 
with the .\inerioan Republics, 1049, a total of 897,900 for the operation 
of tho Institute of Social Anthropology, including tlie issuance of 
publications resulting from its work. 

From tho National Park Service, Interior Department, SU8 500 
for archeological projects in connection with River Basin Surveyk 

visrrotis 

The number of vUitora to die Smithsonian buildings for die year 
was 2,606,104. an all-time record of attendance. This was an increase 
of 212,605 over die previous year’s attendance. April 1949 was tho 
month of largest attendance with 371,S7l visitors; August 194S the 
Mcond largest with 313,364. Remrds for the five buildings show the 
following nucubor of vkitoTB: SmiLhsoinan, 494,880; AtU& and In- 
duatrioa, 1,148,303; Natural History, 6S9,233; Aircraft, 198 648- 
Freer, 75,040. ' 

A summaty of attendance rcconls is given in table 1: 


Table 1.—firitow to ^mtfAianiqn LtiUJingt during Ifl# gtar mded Junt SO, 1949 


Vur^il [0X1411:1] 

sanindi 

nulMlor 

Arti uyl 
loJltlEriBl 
HuEl-lini 

Nflloittj 

IIliCEoiy 

AItvfbA 

^Ljllilirai 

UnJliisT 
of Ajt 

TflEnJ 

Julr. 


Him 

^41? 

i4 m 
H #Al 
Ti.m 
l£l,2U . 

S6^T4fi. 

nm 

33vG 50 
W.ltfi4 
4T. 7ig 
HSIO 


74,^43 

4npn3 

34. 



AUjfoit_.. 

3ta 

2H,474 

feptetober^ ,.. 

3e.«r2 

9,540 


Ortohpr.. 


7.^ 

213. rVIT 

NoTwutirt*...... 

nk ihil# 
iHA. Tim 


44C0 

T47, 661 

Dvxm\xT— . . 

1 ni 

11, r:^ 

Hi £13 

11.^ 

10,442 

4l435 

134,15: 

jAcouy^..,^ 

iif4$ 

Airi 

JUi isn- 

419 

37,^12 

w.isa 

xm 


rflhntuy..- 
Much,. 

—— 

H470 

ItfL fcfen 

4.124 

li3V,^HK 

197,513 

Aixrii. 

OH 
IT? lAjt 

UiW 

1^1192 

151, ifl7 

May _... . 

laoon 



37J, m 

ms.m 

mi6a 

Joa*... ... 


iftress 

Xttt 


77, m 

IT,433 




1. 14^^ 


t9S,M3 

79^ (M 



^ ijeraoci* attcDdini ifttp ^ 


SIXTEENTH JAMES AUTHtm ANNUAL LECTUllE ON THE SUN 

3,^^! Institution received a bequest from James Arthur, of 
New 4 ork, n part of the income from which was to be used for an 
annual lecture on some aspect of tho study of the sun 
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Tho eixteeuth Arthur lecture waa given iu the nudiloriiim of the 
National Museum on April 14, 1949, by Sir Hiirold SpenCTf Jones, 
Astronomer Royal of Great Britain, the flrrangcments being made 
through Dr, S. A. Mitchell, of the Leander McCormick Observ- 
atory, University of Virginia. TI 10 title of Sir Haroldlecture was, 
“The Determinaiioti of Precise Time," a subject on which he is a 
world authority, Hia lecture will be published m full in the Annual 
Report of the Board of Regents of the Smithsonian Institution for 1949, 

SUMlllAHY OF THE YEAR’S/ACTIVITIES OF THE BRANCHES OF 

the institution 


National Afiweitwi.—Approximately 440,000 specimens were added 
to the colloctiom, for the moat part as gifts or as transfera from Gov- 
ermnent agencieSi bringing the total number of catalog entries to 
31,679,046. Outstanding accessions for the year included: In an¬ 
thropology, an important collection of 51 artifacta representing the 
work of American Indians, Eskimo of Alaska, and natives of PaeiJic 
islands, given by Georgetown Uiiiversily; 17 gold-cmbossed silver 
vessels given by the Government of Tibet to President Truman and 
in turn presented by hiTn to the Smithsonian Institution, and valu¬ 
able skeletal remains recovered in northern Australia by Frank Af. 
Setaler, a member of tho Commonwealih of Australia-National Geo¬ 
graphic Society-Smithsoniait Institution Expedition to Artihem 
Land; in zoology, mammal Bpecimens from many distant parts of the 
world including Northern Territory of Australia, Nepal, Malay Pen¬ 
insula, Korea,'Okinawa, Philippine Islands, and New Guinea /TS 
birds from Arnhem Land. Australia, and 1,164 from India and Nepal 
14,000 fisbes from the Solomon IslMids itnd tho East und 

5,000 from the Persian Gulf and the Red Sea; m botany, 3,382 plants 
of Fiji, 5,854 plants of Colombia, and 3,157 plants of China; m geolop, 
20 kinds of minerals bitherlo iinreprcsented in the National collec¬ 
tions, a 42-carat brazilianite gemstone, tho lar^t cvct found m 
Brazil, an S,750-gram stony meteorite that fell at Gugenti, Italy, and 
manv thousands of fossil specimeas collected by staff m^bere m 
various parts of the United Stales; in engin^eering and mdustnes, 
the original Wright Brothers’ aeroplane of 1903, a cclJection of elec¬ 
trical measuring instruments, early lamps, and electronic tub«, some 
of them made in the lS80's, and an exhibit sbowuig the development 
of electric bearing aids; in historj-, a group of relics bequeathed by 
Gen John J. Pershing, including uniforms, flags, and medals, a note¬ 
worthy collection of European gold and silver copi from the four- 
teenth to the twentieth century’ presented by laul A, Straub, of 
New York City, and a complclo set of Mliod military cuirencj pre¬ 
sented by the Deportment of the Mmy. 
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Field work was conducted in Arnh em Limd in northem Australia, 
Indiu and Kepal, Uio Persian Gulf and tlie Ked Sea, New Zealand, 
the Canadian Arctic, nine diiTerent countries in South and Central 
America, and many parU of the United States. The Museum pub¬ 
lished its Annijal Report, 3 Bulletins, 2a Proceedings papers, and 3 
papers in the Contributions from the United States National Herbar¬ 
ium. The division of history was elevated to the status of a full 
department of the Museum, with five divisions—military history, 
naval history, civil history, numismatics, and philately, 

Nafional GaiUry o/ Art .—During the year there were I,62S,S{SS 
visitors to the Gallery, an average daily attendance of 4,225. Acces¬ 
sions as gifts, loans, or deposits nunibered 1,174, including 10 paint- 
ings and 50 prints and drawings from the catato of the late R. Horace 
Gallatin, and SOI prints and (Irawings from Leasing J. Kosebwald, 
Eleven special exhibitions were held at the Gallery, and two traveling 
exhibitions were circulated to art galleries, museums, and ether organ¬ 
izations throughout the country. In response to mqnuies received 
by the Gallery, nearly 1,000 research problems requiring reports were 
investigated, and advice was given regarding 333 works of art brought 
to the Gallery for opinion. Numerous books and articles on art sub¬ 
jects were published by staff members. Now publications continued 
to bo added to the literature available at the Gallery for purchase by 
the public. Some 15,000 persons attended tJie special tours of the 
Gallery, 20,000 the '‘Picture of the AVeek" talks, and 18,000 the lec¬ 
tures in the auditorium. The Gallery’s collections of art works has 
grown so fast that all available e.'thibition space was in use during 
the year. To provide for expansion, contracts have been let for ibo 
completion of 12 more galleries in unfinished areas of the Gnllery 
building. Some 50,000 persons attended the 46 Sunday evening 
concerts given in the Gallriy’s East Garden Court, 

National Coffeefiofl qJ Fine ArfiS.—At the annual meeting of the 
Smithsonian Art Commission of December T, 1948, a number of 
pointinga were accepted for the National Collection. The Commis¬ 
sion passed a resolution caUing attention to the inadequacy of the 
present art cxlubition facilities in the National Museum and recom¬ 
mending that the Secretary of the Smithsonian Institution take action 
to provide proper space for the preservation and esbibitlon to the 
public of the National Collection of Pino Arts. Two miniatures were 
acquired through the Catherino Widden Myor fund. Under the 
proviwoos of the Banger bequest, seven pointings temporarily as¬ 
signed to various art institutions were recalled for final consideration 
by the Smithsonian Art Commission. Two of these paintings were 
accepted for the National Collection, and the others ware returned 
to the institutions to wliich they were originally assigned. A large 
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amount of information on art subjects was furnished to ^sitore w 
person, as weU as by mail and phone. Members of the 
on art topilja to several oi^anizations, and six special art exhibitions 
were beld'^during the year, for most of winch catalogs wera furnished 
by the organizations sponsoring the exhibiliona- , , , , p,,- „„ 

Vmr GdUry of .Irt.-Additions to the coUcctions included Cbmese 
bronto, jade, lacquer, marble, and painting; Syrian fjan or 

Egyptian gold; Arabic manuscript; Persian manuscript, paim g, _ 

atone scul^ure; Indian painting; and Turkish painting, Tlie work 

of the profes^onal staff was devoted to the study of now 

and to reaearcb within the collection of Clunesa. ’ 

.\rabic, Olid Indian materials. Reports were y" 

and 372 photographs of objects submitted to the GaUcry 

tion, and 369 Oriental language inscriptions were translated, lha 

repi^ir and restoration of tbe walls of mistler’s Peacock Room w^e 

completed early in the year, and work was begun «« 

Visitor to tho Gallery mimbered 74,646 for tha year, and V 24 came 
to the Gallery offices for special purposes. Sixteen groups w ere „ 
mstrucUon in the exhibition galleries by staff members, and 13 Ic^ 
turca were given in art galleries and museums, before clubs, and to 

various assoeiattons. ^ 

Bot™ „] Ameren ElMm.-UT. M. SujlmB. ^ 

the BiltMU, devoted 4 montta to 0 coiilinu«ion of hie 
TO* in PimKOt in eooperetion ivith the 

Heretofore undescribed commie cultiu'ra tvere found nt Luv« Md 

Berriim. nnd mneb note Wormntion ™ ‘wie T 

ChiriquI and Verttguaa cukurcs. Dr. Iriuik H. IL Rob , 

wntiimed to direct from Wasldngton tho veiy* extensive operations 

rtw Riv“ Ssnrveye, . nnlt of the Bnrenn ennUed to rmeu. 

' » 1 ‘ ml ciidKi threatened hv the construction of dams 

important archeological sites lureaien y 

and the creation of river basin resorvoim. The_worK 

cooperation with the NaUonal Park ^ 

tion, tho Army Corps of Engiueers, 

of threntened dtm eovijjd^.^^™ 

ert o'rw^rT 

rsntr 

„n BdOnWnd in uU m><i 

S^TheTd"^ .bnt the eito hoe been neenpied enee... 
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flivoly by Esldmos of both the pr(»hJatoric Dorset and Thule cultures. 
Dr. William N. Fenton continued his field work and library research 
on the Iroquois TndianSj ob taming the life history of an aged Seneca 
and recording Seneca lilualSt prayers, and legends. Dr. Gordon R. 
Willey devoted the year to studying and writing up the results of 
previous field work. His monographic work, ".Lrcheology of the 
Florida Gulf Coast,” was completed and at the close of the year was 
in process of being published by tlie Smiihsoniau Institution. 

The Institute of Social .{Anthropology, an autonomous unit of the 
Bureau, is financed by State Departmctit funds to carry out coopera¬ 
tive training in anthropological teaching and research with the other 
American republics. Institute staff membcfs, under the {lirectorship 
of Dr, George M. Foster, Jr., continued to give courses in anthropology 
and to conduct cooporalivo research and field work In Brazil, Colom¬ 
bia, Mexico, and Peri. 

The Bureau published its Annual Report and two Publtcaiions of 
tho Institute of Social Anthropology. The last two volumes of the 
Handbook of South American Indians, volumes 5 and 6, were in 
press at the close of the year. 

IfiUrnaiwmt Exchanges. —^I'he Smltlisoman International Exchange 
Service is tho official United States agency for the interchange of gov¬ 
ernmental and scientific publications between this country and the 
other uatioivs of the earth. The Exchange Service handled during the 
year a total of S40,125 packages of puhlications, weighing 79G,700 
pounds. These figures represent an incrcoso over the previous year 
of 80,006 packages, but a decrease of IS,4S9 pounds in weight, indicat¬ 
ing by the lighter weight per package that most institut'ons have about 
completed shipment of material held up during the war. Shipments 
are uow made to all countries except Rumania, and efforts to resume 
exchanges with that coutiUy arc being continued. The number of 
acts of United States ofiicial publications sent abroad in exchange for 
similar publicotions of other countries is now D6—58 full and 3S 
partial sets, Tbere are also sent abroad through the Exchange 
Service 81 copies of tho Federal Register and 75 copies of the Con¬ 
gressional Record. 

National Zoological Park *—‘The collection was improved during tho 
year by the addition of a number of rare animals. At tho dose of the 
fiscal year there w'cro 3,724 apccintons in the collection, an increase 
of 927 over the previous year. These represented 755 difreront species, 
an increase of 65. Among the rare or unusual anitnals received by 
gift, exchange, or purchase were the rare Meller’s chameleon, a 
Bpcctacled bear, a pair of pigmy marmosets—smallest of aU monkeys, 
an African Iwo-homed rhinoceros, a pair of wombata, a pigmy ant- 
eater, orang-utana, and chimpanzees. The total number of creatures 
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bom or batcLcd at tlia Zoo was IS7—56 mamniala, 62 birds, ^ 39 
reptiles. Personnel recruitment and training for tlio oi^anisatiop 
progressed satisfactorily, and the most needed repairs and minor nn- 
provements to buildings and grounds were earned out ^ ® 

total of visitors to the Zoo waa the Itugcst ever recorded-3,346,OaO, 
an increase of more than 300,000 over the prerioua year, Grouj^ 
from schools, some as far away as Marne, Texas, and Cali 

fornia, numbered 1,844, aggregating 93,632 individuals. 

Astrophyskal Ofisermiory.—Year-long tests at the three most 
promising sites for a new high-altitude solar observing staUon mdicalo 
that the best aides prevail at the Clark MmiiUain, Cm-, , 

second-best site being Pobakuola, Hawaii. Estmiatca of tJie ^st of 
establishing a field station on Clark Mountain, however. P«vod be 
in excess of available funds, forcing postponement of building opera- 
rr Data and tables were prepared wlucb simplify 
at the field obser^ngstations by elimitiati^ 
process heretofore used in obtaining the oir nioss. Dmly 
of the solar constant of radiation were conUtiucd at the Montezum , 
Chile, and Table Mountain, CaUf„ stations. 
hetw'een the substandard silver-disk pjTlielionieter S. I No. o Ibe 
instruments in use at Miami, Montezuina, and 

no material changes in constants, ootihrming the adojit^ «^le of 
DTrlieliomctrv. Special radiation measurements alartod m 1945 at 
Comp Lee Va., under eontract with the Olfice of the Quartonnastcr 
Gemfral, aW continued there, half of the year by the Observatory 
and half by the Quartermaster Board; similor measutoments were also 

;:Lo « Mtai^Fla., .n.l « CUIo. ot ^ 

Division of Kadiation and Organisms has been 
reorganizing and recfiuipping the laboratories. Besides 
spa^ which has been established, five rooms arc being ^nvert,^ into 
coustant-condition tooms for biological experimentation, and foim 
chS^S^laboratorics will be avaUabk. In addition, a photo^ap^c 

laborato^, an X-ray room, a cytology 

lahoratoiT and two general labomtones ore being arranged, 

^ NatioZi Air Air Museum was given tUc responai- 

biUtv of receiving, bringing to Wosliington, and preparing 
lion the origmal Wright Brothers aeroplane of 1903, presented to ibo 
Natiinal M^eum in December 1948. A storage depot to bo u^d by 
fhe Ak Museum until it has a budding of its was acqui^d in 
V 1048 in the former Douglas ^Mrcrafi plant at Park Ridge, 

^ j nf the Storage facility itself and the large collection 

tn.T.S mJriJ BWn-J U.c« b, the U. 8. 

ir C;. tor lUB Tl." Aavi«r, Bobt,! hrld U.™ mwting. 




14 ANNUAL REPORT SMITHSONUN JNSTmmONi 1»4 9' 

during the year ^bJeh were devoted mainly to advaociug the acquisi¬ 
tion of a budding site and a suitable tnUBcum building in the Waah- 
ipgloji area. Tlia Museum expeela during the earning year to sub¬ 
mit to Congress a report regarding sites and a building; the prelim¬ 
inary study of which has been prepared in cooperation with the Public 
Buddings Admniistratioii^ Among outatanding accessions of the 
year were the Sv?oa$e^ the historic B-17^D bomber that served tiirough- 
out World War U from Bataan to the defeat of Japan, presented by 
the city of JjO$ Angeles; Maj. Alford Williams* renowned Gulfhawk~£ 
presented by the Gnlf Od Co.j a Japanese Baka Bomb, or "suicide 
plane/* transferred by the Department of the Navy; and 10 scale 
models of recent types of Naval aircraft received from the manufac- 
tui'cfs who produced the origiiial planes. New accessions totaled 
122 objects from 40 different aourcea* 

CaTiaf Zone Area,—A new budding for woodworking and 

carpenter shops and for living quarlcTB for the warden-caretaker was 
completed during the yeor^ the old quarters being oonverted into a 
two-room luboriilorj unit. Work on the new 14,000-gallon water 
tank was halted by heavy rams but caji be completed with 2 or 3 
weeks of dry weather, dhe most urgent needs are the fireproofing of 
eristing buddmgs ontl the construction of a new snt-room laboratory 
and storage building. Twenty-nine scientists representing many 
different organlzatione worked at the laboratory during the yeoTj and 
their contributions bave added materially lo our knowledge of tropical 
hfo. Among the mtereating researches were the work of Drs. Scho- 
lander and Walters of the Arc lie Research Laboratory at Point Barrow, 
Alaska, on the metabolic reactions to temperature in various animals 
and plants in order to obtain a tropicaJ counterpart for similar work 
on Arctic forms in Alaska; the studies of Dm. Clark and Soper of the 
Research Laboratory of Eastman Kodak on the effecU of tropical 
eouditions on photographic equipment and materiolsj including color 
Gim; and the llesideut Manager's OMm special studies, parltcularly the 
long-term tennito-reaistance teate. 

PUBLICATIONS 

In carrying out the diffusion of knowledgep tho Institution issues 
eight regular scries of pubhcations and six others that appear loss fre¬ 
quently. Ail these scries^ embodying the results of SinUhsoDian 
researches, are distributed free to more dian a thousand libraries, 
botli here find abroad^ as well as to a largo list of educational and 
acientific organisations. The findings ol Smithsonian scientists, 
chiefly in the fields of anthropology, biology, geology, Eind astrophysics^ 
arc tbereforo made readily available to all through this wide free 
distribution. 
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A total of 71 Boparate Folutnes and pamphleta were bsued during the 
post year. Among tlie outstanding publicationa to appear were Dr, 
Henry Field's compilation in the Smithsonian Miscellaneous Collec- 
tioDS entitled ^^Ctonlributiona to the Anthropology of the Soviet 
Union/' which presents, for the first time in English, accounts of 
recent fintlinga in this litile-known urea; a revised edition of the popu¬ 
lar handbook of the National Aircraft Collection, uhich is in effect a 
brief history of aeronautics from the mythical flying horses of antiquity 
to the supersonic jet plauos of today; two more volumes in the faTnoua 
series of Life Histories of North American Birds, prepared by A. C. 
Bent, bringing to 37 the n^iroher so far issued in Iho series; and a 
paper by Jason Hy Swallea on new grasses from several countric^ of 
South and Central America, in the Contributions from the United 
States National Herharium. 

The total number of copies of publications in alt aeries diatributod 
during tlie year was 267,49 L A complete list of the year's publica- 
tiona will be found in the report of the Chief of the Editorial Division, 
Appendix 12, 

library 


Of the 57p671 publications receivod by the SmithBOnian library 
during the year, 7,287 came oa gifts from many different donors. 
Another 17,713 wore periodicals mostly received in exchange for 
Smithsonian publications from research institutioDs and other aeien- 
tific and educational organizations throughout the world. Coiitainiag 
the record of progress in acisnee and technology, these periodicals ore 
indispensablo in the prosecution of the InsUtution^s own work. 

Icicrcosingly heavy demands upon readlug and roferen.ee services 
of the library w^cre noted during tho year, the tnlerJibrary loans total¬ 
ing 2,G19 publications to 89 different libraries- TIio new position of 
assistant Ubrariaix in charge of tho AstrophjBical Observatory library 
was filled by the promotion of an acquisitions assistant. 

New exdiangea arrangeJ during the year aumbered 338; 6pS84 
volumes and panipldeta wore cataloged, and 31,1S4 cards wei^ added 
to catalogs and shdflists; 1,060 volumea were sent to the bindery, 
end 1,026 were repaired in the Museum, 

At the close of the year, Uie library's holdings totaled 921,206 
volumes, more than half of which are housed in the Library of CongrEss 
to the Smilh^onian Deposit. 

KcspeotfuUy submitted. 

AtSKANPER STtioTtx, Secretary. 
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REPORT ON THE UNITED STATES NATIONAL MUSEUM 


Sin: I h&vo tho honor to submit tho following report on the condi¬ 
tion and operations of tho United States National Museum for the 
fiscal year ended Juno 30,1949. 

COLLECnOXB 

Approximately 446,000 specimens (SS,DD0 less than last year) 
were incorporated into the National collections during the year and 
were distributed among the six departments as follows; Anthropology, 
4,099; zoology, 279,621; botany, 3S,708; gcoloKy, 109,499; engineering 
and industries, 2,610; and history, 11,104. The decrease iii the nmnber 
of specimens accepted for the Museum's collections may bo attributed 
in part to the inadequacy of available storage facilities for tho preser¬ 
vation of such materials; consequently, a finer screening of colloctions 
from prospective donors is now mandatory'. Most of the accessions 
were acquired as gifts from individuals or as transfers from Govern¬ 
ment departments and agencies. The complete report on the Museum, 
published os a separate document, includes a detailed list of the year's 
acquisitions, of which the more important are summarized below. 
Catalog entries in all departmeiits now total 31,679,046.^ 

Anthropoloffij. —The most noteworthy additions to the areheoiogical 
colicclioiis were as follow's: A black-figured Attic key thus of the fifth 
century, B. C., presented to President Harry S. Truman as a token of 
gratitude from the people of Greece and lent by the President; 11 
gold-plated ornaments from Veraguas, Panainli, and 2 gold fishhooks 
from Colombia, a gift from Karl P. Curtis; and 47 prehistoric eorthen- 
w'are ves.sels from tiic Valley of Kasca, Peru, presented to the late 
Gen. John J, Pershing by former Peruvian PresUlcnt Augiisto 11. 
Leguia ond donated by General John fJ. Pershing. 

Ilandicrafts and material culture of many of the world's jicoples 
were represented in the additions to the ethnological collections. An 
iiJiiisually important collection of 61 specimens representing the work 
of American tribes of the Great Plains and the Great Lakes, of Arizona 
and Now Mexico, os well as of the Eskimo of Alaska, of the Igorot of 
the Philippine Islands, and of the Marquesans and Maori of tha 

* The rtM whumsea <1! Ih* XathMul eoUeeUsn ot Inieeti illirlnii I be poet ywr. In Hldaiun to Lh* 
tfie»maEiE, hu IjHKflwd lut UHnI bj mtm Umn i4«kDD0 

Ifl 
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SouUie&st F&cifi6> flssemblod over a period of more tfaAQ a century, 
was presented by Georgetown University- President llarry S. Tru¬ 
man presented to the Smithsonian Institution 17 gold-embossed silver 
vessels received at the TiThitc House as a gift from the Goyenunent 
of Tibet in appreciation of an American gift of wireless receiving and 
transmitting sets made during World 'War II, Included are two 
butter lamps and stands^ four teacup stands and covers, tw'o bowls 
for grain offermgs, one teapot, and two beer mugs, all decorated in 
gold-embossed designs derived from Cbinesc-Tibeton folklore and 
BuddList rc1i|fiou5 firt. A collcctiioii of 2S7 folk* costutii^f !ind liis 
torical portrait dolls, representing the native dress of peoples of many 
lands, was received ns a bequest from the late Mrs. Irank Brelt Koj ca, 
Tbe Don Diego Columbus mahogany table, traditionally known as 
the writing desk of Diego Columbus, was conditionally bequeaihcd 
by Mis. Edith Keves Bouton. This table had been preserved for 
centuries in the caUiedral of Santo Domingo City and was preaented 
by Archbishop Kouel toCeimmander Frederick L. Benton, U.S.A., m 
recognition of his work in Santo Domingo during the tndurnKa epidemic 
of 1918- One of the rai'OSt of musical instruments, a niusical gong, 
kyvns, carved from whito marble, was presented by Ju han Lee, 
director of the Korean Court Music Conservatory at Seoul, Korea. 

The largest accession received by the division of physical aiithro^ 
pologj- consisted gf the skeletal remains recovered in nort hern Australia 
by Frank 51. Setzler, a member of the Commonwcnllh of Austmlm- 
Kational Geographic Soeiety-Smithsoniaji Institution Expedition to 
Arnhem Land. Ausiralinii skeletal material available for study in 
tho United States is rather limited. Four casts of African fr^il 
primates, ivhieh illustrate certain characteristics of antecedent special¬ 
ization, were also acquired during the year. . .. 

Znolagy. —The collections made by the Muwum stalT detailed to the 
Arnhem Land field expedition, under the joint sponsorship of the 
Commonwealth of Australia, Xalional Geographic feeicty, and the 
Smithsonian Institution, have added many previously unrepresented 
forms of animal life to the NaiionnJ collections. These collections 
included not only vertebrates hut invorlebrates as well. 

Accessions that onlianccd the usclulncss of the rnammoUan collec¬ 
tion came from the Korthem Terrltoiy of Ausimlia, ^cpal, Mulaj 

Peninsula, Korea. Okinawa, PbiUppinc Islands, New Guinea and New 

BarniJsbire. Field work financed wholly or in part by the \\. L. 
Abbott fund resulted in the addition of birds not hitherto repres..iited 
m tho National coUeotion. Included ^long these aceessions were 
2 815 skins and 38 eggs of Colombian birds; 900 skins, 24 skeletons, and 
2 «l rSauto Wrd.; 778 bW .kin. .7 .Ljch 

not represented in the collection, ns weU as 51 skeletons and 2 eggs 
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from Arnliem Land^ Australia; and 1^164 bird skins procured by tba 
joint National Geograpbic Sodety-Yalo Unlversity^mithsouiau 
Institution Expedition to India and Nepal* Other acccasiona com¬ 
prised 611 bird aldiis from Nyasalaud: 177 birda and 1 egg from 
northeaatera Venezuela r 171 bird skins from Pacific War arena- and 
125 bird skins from Korea, 

SnakeSp lizards,, and frogs from Arnhem Land^ amphibians from 
Pcrii^ reptiles and amphibians from Honduras^ and a general collection 
from Virginia and North Carolina constituted the most important 
additions to the herpetological collection^ 

Tho most note worthy accessions received by the division of fishes 
were nearly 14|000 specimerLS from the Solomon Islands and tlio East 
IndieSp which were presented by Dr* Wilbert M. Chapman^ 14*300 
from Arnhem Land; and approximately SpOOO fjnom the Persian Gulf 
and the Red Sea, resulting from a aiirvey sponsored by the Arabian- 
American Oil Co* Other important collections of fishes cama from 
Puerto Rico, Fanami, British Columbia* and Florida. 

Approximately 25*000 miscellaneous msecta from South Pacific 
Islands coma to tho Museum by transfer from tha U, S* Commercial 
Co^ Among other largo lots were approximately 12^000 flies; 3*500 
chalcidoid waspa; 500 beotlca; and some 53pOOO insects transferred 
from the United States Bureau of Entomology and Plant Quarantine, 

During tho year considerable significant material was added to the 
marine uiTortebrate collection, of W'hich the moat important accessions 
were 11*765 miscellaneoua invertebrates from the Department of 
Zoology, Uuiveruity of California; 70 lota of para types* hy^potypes* 
and topotypes of hydroids from the Allan Hancock Foundation* 
University of Southern California; 760 marine mvertebrat^ from 
California and Mexico; 709 specimens from Bahama Islands; 1,7S1 
from Pacific Islands and Califoruia; 452 from the Persian Gulf and 
the Red Sea; and 859 from Arnhem Land* By transfer from the 
Office of Naval Research* the Museum acquired 3,668 invertebrates 
from Point Barrow* Alaska. The United States Geological Survey 
transferred 56S specimens from the ^farianas Islands, 

A rare deep-watGr PfruroiomoHa* dredged at a depth of 160 fathoma 
ofi" Natal, South Africa* and presented by Dr. Cecil von Bonde* con¬ 
stituted the moat notable accession received by the division of 
moUusks. From olher saiircea the di^naion received 250 Peruvian 
terrestrial anti fresh-water mollusks and 540 marine moUusks from 
Canton Island] and 150 Japanese land moIluskSi Exchanges brought 
to the Museum approximately 1*080 shelis from Spain and lesser 
numbers from South Africa, Italy* and Cuba, By transfer the Museum 
received about 1,200 moUusks obtained iu ibo Caroline Islands from 
the United States Geological Survey; approximately 3O*6CP0 specimens 
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from the Navnl Medical Research iDStItute; aod 600 marine And land 
shells of the Solomon Islaads from the Naval Medical SeshooL Mem¬ 
bers of thfl staff obtained about 1,200 molluska in Arnhem Land and 
some ItSGO m the region of the Persian Gulf and the Red Sea, 

Botany.—M exchange^;, the National Herbarium received 2,382 
pUnU^ comprising a collection made in Fiji hy Dr. A. C. Smith, from 
the Arnold Arboretum of Harvard University; 5j854 plants of Colom¬ 
bia from the Facultud de Agronomfaj L^niversidad Nacional, Modelliii; 
and 2pl57 Chinese plants from the Nationiil Szechwan University. 
The Division of Rubber Plant Investigations, United Stales DeparU 
meut of Agriculture, transferred 865 plants from eostom Colombia. 
The Oheina do Estudioa EspeclaleSp Mexico Citjp presented 3M 
Mexican gr^es. A noteworthy gift of 295 ferns of Micronesia came 
to the Herbarium from ihe Bemica P^ Bishop Aluaeum, Honolulu, and 
Dr. Gunnar DegcUus, University of Uppsala, presented 502 lichens 
from various localities. 

Gifts and exchanges contributed to the growth of tho 
tnineral collections. More than 20 kinds of lotnerala hitherto unrepre- 
S£>nted in the coUections were received. Forty exceptionally good 
examples of rare secondary uraniudTi minerals from Ratangap Belgian 
Congo, as well as other unusual minerals were added to the Roehling 
collection. A fine collection of rare copper sulfates from ChuQuicam- 
ata, Chile, was presented by the Chile Exploration Co. lucludcd 
among the additions to the Caufield collection were a gejn-quality 
golden beryl crystal weighing over 1,800 grams from Bra^sil and an 
unusually large stlrcon crystal from Austraha. The Chamberlain 
bequest provided funds for the purchase of a 42-cAfftt braziliaiiite 
gemstone, the laiigest as jot found in Brajil. An 8,750^^am stony 
meteorite, which fell at Girgcnti, Italy, was received as a gift from Dr. 
Stuart H. Perry, and other meteorites were acquired either m gifta or 
in exchange. 

Several large collections of invertebrate fossils were preseiited to the 
Museum, three of the larger lots being 7jO(Kl Aliddlc Ordovician fosaila, 
mostly biyo 2 oanSp from O- C. Cole, Kenyon, ^imn.; 2,15p PennsyL 
vaniau fos^iUs from Robert Starkp Grapevine, Tex.? arid 10,000 fossil 
moUusfcs from A. L. Bowsher. Types and pamtypes of Upper 
CretAceous trilobiles, Tcrtia^ molluskSp Pennsylvoman gouiatites. 
Ordovician invertebrates, and Cretaceous Forammifera were included 
in other ACcesatons, Through funds provided by the ^^alcott bequest, 
the Museum acquired 40,000 invertebrate fossils from the Devoman, 
Miaaissippianp and Pennsylvanian deposits m west Tex^, New 
Mexico, and Arizona collected by Afisodate Ciuator A. L Bowsher 
and William Allen; 25,000 PAleozoic fossils from Te.xas and Oklahoma 
coUected by Curator G. A. Cooper and Associate Curator A. R. 
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Loeblich; 2.500 Middle Ordovielan fosads collected by Dr. Cooper in 
Tennessee and Virginia; and 2,000 Pemiian and Jurassic ammonites 
and brachiopods from SLcUy. As usual the year’s accessions included 
a number of transfers from the United States Geological Surrey. 

A nearly complete skeleton of the Triassic phytosaur Machaera- 
proBOpus grefforii, from the Chinle formation near St. Johns, Ariz., 
eieavatcd and transferred to the Museum by the United States Geo¬ 
logical Survey, constitutes the outstanding acquisition of the year in 
vertebrate paleontology. Tlirough the Walcott funds there were 
received articulated skeletal remains of the condylarth Meniscotherium 
robu^tum and the complete skeleton of a large ichthyodectid fish. 
Outstanding gifts include specimens of the Devonian arthrodlran fish 
Eudinichthys terrUli, a partial skeleton of the Pleistocene jaguar Paia- 
tkera auffusta, an incomplete skull of the Pleistocene walrus Odobenw 
cvgiTii/ifiTitt and a portion of the skull of a Miocene tapir. Phe 
Smithsonian River Basin Surv'eys transferred maumifilian fossils from 
Eocene and Oligoccne deposits of Wyoming and Monteua. 

Enginetring and iadusfriea,—'Tlie presentation of the historic 
aeroplane invented and built by Wilbur and Orville Wright and flown 
by them at Kitty Uawk, N. C., on December 17, 1903, was witnessed 
by 1,000 or mono distinguished guests at the formal ceremony held 
in the north entrance hall of tbo Arts and Industries Building of the 
United States National Museum on December 17, 1948. Tho presen¬ 
tation was made by Milton Wright, of Dayton, Ohio, on behalf of the 
estate of Orville Wright. Tho Chauceilor of the Smithsonian Insti¬ 
tution, Chief Juatke Fred M, Vinson, accepted tho Wright Brothers’ 
aeroplane on behalf of the Nation, and the formal acceptance address 
was delivered by Vice President-Elect Albcn W. Barkley. 

A oolleciion of electrical measuring insiruments, early lamps, and 
electronic tubes, some of which were consltucled in the 1880 decade, 
was presented by tlie Weston Electrical Instrument Corp, The 
Ntuseum is indebted to the United States Signal Corpa Laboratories 
for an exhibit illustrating radar and microwave mdio-reley communi¬ 
cation. From the Cork Institute of America the aection of wood 
technology received 100 samples and 9 photographs whiclt illustrate 
the production and utilization of cork bark. Etchings and serigraphs 
by Forain, Margo, Veionis, Detwiller, and Eninen were added to the 
graphic arts collection through the Dahlgreen fund. A Marcy 
^iopticon Ma^c Lantern, a kerosene-lamp projector, patented 
L8&S-69, was the most interesting accession in the pbotograpliic 
section. Tbo division of medicine and public health received from 
Telex, Inc., a number of devices that show the devalopment of electric 
hedring aids. 
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J/tsfOrtf,—Several unusued itema wore added during the past year 
to the National collection of American antiques ami 
and of these the spirit set and silverware owned by tho Maprland 
Hurveyor jUdrew Elllcott (1754-1820) arc the oldeat. A marble slab 
from the Tejnple of Wingless Victory on the Athens Acropolis, 
seated to President Tniman by a Greek delegation on March _S, mtl, 
aa a token of gratitude from the people of Greece, was lent by the 
President. The most interesting additions to the costumes collection 
were a parasol made of pheasant feaUiers and an old boimet of the 
typo known as - calash.” The outstanding accessions to the military 
coUeetton were Uie relics bequeathed by Gen. Jo^ 
comprising personal uniforms, preacnialion flaES, medals, decoration , 
and other mementos of his military senice. horty-four 
World War II heroes pointed by Joseph Cummings Chase 

presented to the Museum by the artist. ,. a ir 

Th. MUectio.. of soU “<• Europe .,3ae. 

datiPB from the fcrarMnlh to tia WaDtielli 

aeived aa a s'ltl from Paul A. Straob, of ^ew Jlork City, 

tlia moat nataworUiy aacataion aaquiracl by tba divinon ^ ” 7 ™*““ 

ip recapl yaaia. A complate aat, to dapbeta, of Abiad mibtuty 

ciuTBPcy »oa pKaanted by the Dapartment al tba Atmy. 

j^xplohation iA-ND field work 

Staff apecinlista in the dapartmenta of anthroimlo^, zoology, 
botany, and geology were engaged during_tiie year in e wor n 
South Central, and North .America, Now Zealand, and AVustraha, 

The four stuff members-Fmnk aM. Setzler, head curator of onthto- 
pologj; Dr. David H. Johnson, associato 

Herbert G Dcignan, associate curator of birds, an - , i, • i 

Miller associate curator of fishes-who particifiated m the tcrhnicd 
work 0^2 cLmonwcaltli of Australia-National Googr^.luc 

C - >*'• “A hpd b«,» MtpbibUed April 4, IMS, on 
^mp of th* &. ? 'ao GoK of Carpentaria, was moved during July 

on top «' p.rto-..rn 

_ I j A iiyjxl cftrnp WHS e&tiiikblifllipd &feptcii.ib&r 

corner of A ' ^tor Biver neer lUo font of the Uigb 

21, IMS, nt party mturnod to Dnr^in to 

NovS^to P«Ttop coilpclione mtd drid eqnipmrnt for .bi,Hn.nt 

to the participating institutions. 
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During the first 3 mouths of 1949, Dr. T. Oslo Stowart, ct^tor of 
physical anthropology, was enEaged in taking anthropomatno meas¬ 
urements of some 200 Mayan-speaking Indieufi in the hjghiamis of 
Guatemala. Most of thia field study was carried on at Soloma in the 
Deportment of Huchuetanango, and at Santa Clara la Laguna m me 
Department of SoloUi. A seconili^ project was tha exaramatiou of 
skeletal remains at archeological sites in the highlands. 

As in the previous year. Dr. Waldo R. Wedd, associate curator of 
archeology, was detailed to the Uiver Basin Surv'eys under the 
Bureau of American Ethnology to supervise field and laboratory 

operations in the Mi^uii Valley. . „ . , 

'fhe National Geographic Society-Yak Lmversity-Smithsonian 
Institution Espedition to India and Nepal, which w «3 directed by 
S Dilton Ripley p brought back unporLant collections of birds and 
iBammak from'the Karnali VaUey in western Nepal and the Kosi 
Valley in eastern Nepal—^regions rarely visited by naturalists. 

For 5 months during the middle of 194S, Donald S. E^man, divi- 
sion of fishes, participated in a fishery survey in the Pereian Gulf and 
Rod Sea under tlie auspices of the Arabian-American Oil Co. 

At the invitalion of the Plywoods-Plastica Corp., Dr. Henry W, 
Sotzer, associate curator, division of mammals, worked in Costa Kica 
and obtained sp ecimens of mammals and bird s in tbe vail eye of 

Rfo Estrella and the Rfo Turriaiba, 

Dr. A. Wetniore and W. M. Porrygo conducted ornithological field 
W'ork in the eastern section of the Province of Panambi Republic of 
Ptmamfi, a region they had not eKplored on previous trips. The field 
work of M. A. Carriker. Jr., in the RSo Sind region of northwestern 
Colombia, resulted in the preparation of one of the most complete 
ooUectioDS of birds thus far obtained in the area adjacent to PauaniA 
Charles 0. Handley, Jr., temporarily employed as assistant curator of 
birds, departed from Washington in March 1949 under a cooperative 
arrangement with the Weather Bureau to study the birds and mam¬ 
mals ^ ono area of the Canadian j\Tctic Ardupelago. 

Botanical fidd projects participated in by Hie staff included the 
folloiving: After atljouroment of the Second South American Botan¬ 
ical Cougreas held at Tucnmfm, Argentina, E, P. KQlip, head curator 
of botany, and Dr. Lyman B. Smith, associate curator of phanero¬ 
gams, made collections in northwestern Argeutina; large numbers of 
plants were assembled by Mr. KiUip in the ftantiago-Valparaiso 
region of Cliik, and other apcctmena were subsequently obtained at 
Cali, Medcllfn, and Bogotk, Colombia; Dr. Smith coUeeted plants in 
the vicinity of SAo Paulo and Rfo dc Janeiro, Braaii, 

Following tho adjournment of the Seventh Pacific Science Congress 
held between February 2 and 22, 1949, Dr. E. II. Walker, associate 
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curator of pbaDerogaioap remaiDed in New Zealand for about 6 weeks 
at Uie InvitatiDn oJ the University of New Zealand to carry oa botan¬ 
ical field work on tbe two main lelanda and on Stewart Island. Jason 
R* Swnllenj curator of grasses^ at tbe request of Dr^ L. LimdeUp 
director of the Tesos Keaearch Foundation, made a survey of the 
grasaea of the Kingsville region. Texas^ George A. Llano, assodate 
curator of cryptogams. Is making a special study of the ecology of the 
lichens of the Arctic slopes of the Brooks ^fountains in northern 
.'Uoska under a project spou£orc4l by the Arctic Institute of North 
America, Fan! S. Conger, associate curator of diatoms, dovoted 2 
DioniUs during the summer of 194S lo aji investigation of the ecology 
of diatoms at tlie Chesapeake Biological Laboratory * Solomons Island. 
Md. Rosearch Associate F. A. McClure continued hia field studies of 
American bamboos in Guatemala^ El Salvador, Honduras^ Puerto 
Rioo^ Jamaica, and Trinidad. 

A wide variety of paleontological field work financed by the Walcott 
bequest enabled the staflT to obtain new materials for the oollcctioufl- 
lududod among tUcse additions are fossil fishes from the Green River 
Eocene beds in northeastern Utah and the Pierre Cretaceous deposits 
in eastern Wyoming excavated by Dr, D- II. Dunkle and A. C* 
Murray; Eocene mammalian fossils from tlie Bridger Basin in western 
Wyoming collected by Dr. O. L. Gossin; Paleocene manunalian fossils 
found by Dr* L. Gazin and F+ L. Pearce in the San Juan Basin of 
northwestern Utah; Permian and Mississippiaa invertebrate fossils 
obtained by Dr. G. A+ Cooper and Dr+ A* It- Loeblich, Jr., in Texas 
and Oklahoma; Devonian, Missisaippian, and Pennsylvanian fossils 
from New Mexico and Texas collect^ by A. L. Bowsher and 
William Allen; and Jurassic microfoosiJs from Montana. Wyoming, 
and South Dakota obtained by Dr. A. R*. Loehlich, Jr., and Dr. Ralph 
W. Imlay. 

FUBLICATIOK6 

Thirty-ouo Museum publications were issued durii^ the year; 1 
Annual Report. 3 In the BuUetin eeries, 25 in the Proceedings, ami 2 
numbers of the Contributions from the United Statoe National Her¬ 
barium. A list of these is given in the complete report on Sjultbsoniaa 
publications, appendix 12 . Especially noteworthy are two numbem 
of A. C. BeuFs life Histories of North American Birds: one on the 
nuthatches, wrens, thrashers, and their allies, the other on tlie thrushes, 
kingleta, and their allies— completing 17 volumes in this popular 
eerics. The eighteenth is now in prasa. 

Til a difltribudon of Toliuneg and separatoa to librwiea oaier 
institutions and to individufiJs aggregated G6,4S9 copies. 


-s 
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CHANOES IN OnOANTZATiOK 

One important change Ln the organization of the United States 
National Museum was efTectod during Uie jear* On Auguat 16, 1948, 
the division of history was raised to the status of a department. 
Charles Carey, who received his first appointment to the Museum 
staff on November 2, 1920, was named acting head cUTEtor of the 
department of history. The functions of this department were allo¬ 
cated to five divisions—military history, naval hiatory, civil history, 
numismatics, and philately. 

Heapectfully submitted. 

Remington Kellogg, Dfraefor. 

Dr. A. Wetmohe, 

Sicniaryf Smithsonia;n iThsiiiution^ 




APPENDIX 2 

REPOBT ON THE NATIONAL GALLERY OF ART 

Sra; I have the honor to submit, on behalf of the Board of 
the twelfth annual report of the National Gallery of Art, for 
year ended June 30, 1949, This report is made pursuant to the pro¬ 
visions of section 5 (d) of 

Congress, first session, approved March 24, 193< C50 Stot. 51), 

ORGANIZATION 

The statutory members of the Board of Irustees of the National 
Gallery of Art are the Chief Jnstke of the United Stotes, ^ ^ ei^ 
iary of State, the Secretary of the Treosury, end the Secretary 
Shsenian Institution, ex officio. The five 

ing in office during the fiscal year ended June 30 ^arnuem^ 

Kress, Ferdinand Lammot Befin, Duncan Phillips, Chester , 

Paul Mellon, The Board of Trustees held its annual meeting on 
May 3 1949, Samuel H, Kress was reelected President and Ferdi- 
S Umm^t B*. Vi., Pnsidect. to «r,. Jor ILo 
Doitiild D. Shepord MDtinued to oorre dorm* iho ycor os Ad™oj- to 

““aU“ it'eoeoulivo 0(80000 of the GoUrry contmuod in offioo during 
the year: 

HuntlDKloa CiiimB. Secretory'TfM-s**™^* 

Dsvid E. Finley, Director. 

Horry A. McBride, AdminiatMtcr. 

HuntUiston Calms, General Coucael, 

John Walker, Chief Curelcr. 

Mftcgm James, Assistant Director, 

nf the Board, as constituted at tne 
The three standing committees of tne p 

annual meeting May 3,1949. were as follows, 

CoMUiTTEe 

„ FhmI M. VinAon. ChuintAatl, 

Chief Justice of the United States, cs officio, Fred M. v. 

Samuel H. Kmas, Vice Chuirmea, 

Ferdinand Lammot ,|„u Dr-Alesander Wotmoro. 

Seetotary of the Smithsoma" Institutl , 

Paul Mellon. 2d 
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FiKANcm CDMMrme 

SooratBiy of the TreAiLiiT*^ e% ofhefo, John W. Bnjdcr, Ghainoui. 

Samuel H. Ktcbs^ Vice ChojrmaiL. 

Ferd^and Lammot BeHo. 

Chester t>ale- 
Faul Mellon. 

AcqinBTTioKa CoauqrrxE 

Samuel H- Kress, Chflirman, 

Fardinand Lammot Belm^ Vice Chairman, 

I>uiflca.n Phillips. 

Chester Dale. 

David D. Finley, ei oQIcId. 

On June 30^ the GoTemnient employees on the staff of the 
Nntionoi Goliery of Art totaled 309, aa compefcd with 312 employees 
as of June 30, 194S* The United States Civil Service regulations 
govern the appomLmeni of cmployoea paid from appropriated public 
funds. 

Throughout the year a high standard of operation has hcen main¬ 
tained by all departments of the Gallery in the protection of the 
Galiery's coUections of works of art and the maintenance of the 
Galiery building and grounds. 


A rPROFRI ATIONS 


For the fiscal year ended June 30, 1949^ the CongresB of the United 
States appropriated for the National GaUer^^ of Art the sum of 
Si,073,500 to be used for salaries and expenses m the operation and 
upkeep of the Gallery, the protection and care of works of art^ and 
administrative and other expenses. Thb amount includes the regu¬ 
lar appropriation of $960^00, and a supplemental appropriation of 
$107,500. The supplemental appropriation was mads to provide 
$4,600 to meet in part an increase in the rates for electric current, 
which could not be foreac^-n by the Galleij and estimated for at the 
time the 1049 budget was submitted to the Congre^; and tho bab 
anco of $102,900 was necessary to meet the pay increases, effective 
July 11, 1948, amounting to $330 per annum to each employee as 
authorized by Public Law 000, Eightieth Congress, 

Frotn these appropriations the following expenditures and encum¬ 
brances were meumedr 


FerfraDoI aen icca^ __ 

Frijilln^ aad biadlog_ 

SuppUcB, cqulpmeiLt, etc 
UuobliKaled balance-^.. 


fD40t im. 00 
0, 020L 95 
I26p 739. 30 
3a 75 


Total-,-- 


Ii073,50a 00 
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ATTEN'DAKCB 

During the fiscal year 1949 there were 1,529,508 visitors to the 
Gallery, an arerago daily attendance of about 4,235. 

From March 17, 1041, the day on which the Katicnel GaUery of 
Art wfis first opened to the public, to June 30, 1949, there have been 
15,070,076 visitors to the Gallery. 


ACCEESlOyS 

There were 1,174 accessions by the National Galiory of J^t, as 
gifts, loans, or deposita, during the fiscal year. Most of the paintings 
and a number of the prints were placed on eshibition. 


rAI^'TI^^a& 

During the fiscal year the Board of Trustees of the National Ce¬ 
lery of Art received 10 paintinga from the Estate of the late K. 
Horace Gallatin. The paintings are ns follows; 

Jean-CharlH! Caala---- Tlia Wladmill. 

Jean-BapUBte-CamiUe Corot-*--River Viuw. 

Charles-Trancoh Daubig&y-*-Landacape with Figures. 

iMai de la Pcca----- 

niinwa _ Tbp Old 

-- The RWto Dndge. Vemeo. 

Henri-JoMpliHarpSsnles—.... 

Behool of Claude Lorrain.-.Sunact. 

Jean-Frucola MUlet..—— -- Tie Baibcr. „ 

Theodore llouaBeaU.----- Lainkcape wUh Boatmau. 

A painting by Murillo, ‘The Betum of the Pfodigul SonV’ given 
by the Avalon Foundation, was accepted by the Board of Truatc^ 
oi December 10, 1948. At the same time the Board 
portrait of Daniel Boardmau, by R^ph ^“rl, from . Murray 

Crane; "Interior of a Church," by Pieter Nceffs, from Senator Theo* 
dore Francis Green of Rhode Island ; and two pnintinp, 
hv lohn Sinear Sargent, and "Head of a Girl, by Jamca Abbott 
McNeill mSlor, from Curt H. Bcisingcr. On December 22, 104S, 
Board of Trustees accepted from Dr. G. H A. CIow» a pai^ng, 
“Allegorv," Venetian School about 1500 , and from \ Isd^ir Horo- 
"Head of a YouniT Girl/* bj Kenoir. The Booxd 
Trt.t=os .cMpted tom Mim OK'S* O’KecBB on Mmch S, 1610, 
a gift of the foUowing three pamfinga: 

. . _ __Lanchrcnpe No. 5. 

Marsdea . Moth Dimcei. 

Arthur G. .^ lelceted later. 

Georgia ^ 












28 


ANHTJAL RiPOriT SMITHSONIAN INBTITUl'lON, t94ft 


During the fiscal year, the portrait of Captain Patrick Miller bj 
Raeburn, preTioualy on loan, was given to the Gallery by Mrs. 
DwigUt DaTis. 

SCUtPTVRE 

On December lO, 1048, the Board of Trustees accepted from 
Stanley Mortimer, Jr., a "Portrait Bust of a Member of the Order of 
San lago’* attributed to Leone Leoni, which had previously been on 
loan to the Gallery. At the flame time the Board accepted from 
Miss Mildred Howells a portrait medallion of lier father, William 
Dean Howells, and herself, by Augustus Saint^Gaudens, to be held 
for a National Portrait Gallery, 


PRierrs AKI> I7&AWENGB 

A gift from Lessing J. Rosenwald of 309 additional prints and 
dra™g3 was accepted on December 10, 1048, to Lo added to the 
Leasing J. Rosenwald Collection. At the same time, two volumes of 
"Tho Georgies” of Virgil with 119 illustrations by Andre Dunoyer de 
^onzae were accepted as a gift from the artist. This gift was 
inspired by an oariicr gift to iho Gallery of a collection of Segonzac'a 
prints and drawing® made in memory of the late Frank Crowninshield. 
The Board of Trustees, during the fiscal year, received 50 printa and 
drawings from the collection of the late R, Horace Gallatin. On 
March S, 1949, the Board accepted from Miss Georgia O’Keeffe tUreo 
water colora by John Marin entitled "Movement, Boat and Sea, 
Deer Isle, Alainc," '‘WTiite Mountain Country, Summer,” and' 
"Storm over Tao®, Now bleidco.” The Board of TruEtces accepted 
from Mr. Rosenwald on May 3, 1949, 582 additional prints and draw¬ 
ings. Received during tho fiscal year from George Matthew Adams 
20 elcibULga by Alphonse Legrtsa, 


PQOTOGnAPnB 

The Board of Trustees on March 8, 1949, accepted from Misa 
Georgia O’Keeffe a key set of photographs, conaialing of about I 500 
print^^ by Alfred Stieglitz, ^ 


£ACFtA?fOE Of WOBlvB OF AttT 

During the fiscal yeor 1949 the Board accepted the offer of Chester 
Dale to exchange the portrait of Ralph Waldo Emerson by Sully 
which WAS being held for the National Portrait GiUlory for the por' 
trait of the Sicard David Children by Sidly, which waa then on loan 
to the Gullcry. Tho Board also accepted iho offer of Lesairur J 
Rosenwald to exchange the prints "Saciifica to Priapus " bv Jacono 
de Barbari, "Conversion of St. Paul/' by Lucas van Leyden and 
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"Solomon VVorshipping Idols," by tUe Master M. Z., for supeHor 
impressions of like prints now mcluded in the Roseowald Collection 
at the National Gallery of Art. 


WOaKS OF ART Olf loan 

During the fiscal year 1949 the following works of art were received 
on loan by the National Gallery of Art: 

Chestot D(lLl€^^ New Yorkp N+ V-” 

PiewloT-*-___Domcreue. 

Mia. Philip Lydtg.-.—- ™e». 

Sao Sepulveda. -—.suloagit 

La Rubia del Abanico..Zuloag*. 

Mra. fiioolu Goddard, Paris, Fraoea (via the 
Kattouo] CoUcctioti of Fine Arts); 

Musical InspiratioD.-.——- Ronmlue Broohs G^rd. 

oi,_a L ___ __ RonkBind Bfdobs Goddfirsi 

Self-Po^t..Romama Biooha Goddard- 

Aifrtd Stt&j;Ut2 CollMtion: 

(Miss Gwrgia 0‘KDflffo. York, N. 

Y.) 

CbicllTitayH and Water Tower-.. - —Deitiiiln. 

A Skull with Eed,.,---- O'Kooffe, 

Lina And Ciirvo--—-- ^ Kotftev 

Ch^^uaoey StlUmftQj New \orkp N* Y.: 

A Halberdier-.—-Fontorroo. 

Georac Matthew Adams, New Yorkp N, Y,: 

Selchiup..Alpbou* Legros. 

C. S, GulbeiskiaD, Oabon. Portugal; 

2S pieces of Egyptian aeuipturc- 
3 pioExa of etghtmnth-ceiatury FreiiiCh fur' 
idtiire^ 

1 fourteenth-cKtit^iry Arabian boLtJ&^ 

1 aiiteopth^5ont.Ufy Per^i^n nijr- 
7 cightoenth^jentury Froueh bsioka. 

The Italian GovcTiunent: itf 

A marble statue of David.. .Miohslangeb. 

Robert Woods Bliss, Washlegton, D. C.: 

32 dbjeeb) of Piu-CobWdbian art. 

LOANEH WOUFS op AfSX RETtiRNEU 

The following works of art on loan were returned during tlie fiscal 

year 1&49: ^ AriM 

ChestAT Dale, How York. Sf. Y.: Winstorr Homw. 

On the Beach..VJWrl 

>fTii ft Charlotlo Fueretenberg, ai Nef* , 

N. Y.; 

Sea at Eslaqo*— -.—. 


CcEantiti- 
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Aconymoufl lij&n: 

PAiTAdiAc Valley...John Ia 

Rob^ Wooda Biisa, Washington ^ D. C.: 

16 object^ of Fre^Colmnbian art, 

Peabody MuMOtn, Harvard UolvciBity, Cam- 
bridge, Maas.: 

To object of P^Coliimbian art* 


WORKS OP ART LOANED 


During the fi^al year 1940, the Gallery bailed the foIJowiug works 
of art for e^dlibitioa purposes: 


Albright Art Gallery, BuGhto, K. Y,: 

Jo«ph WSdcBcr______ 

Art Ijwtitnte of CblcftfiOp Chicago, Ili„: 

Alexander Hamilton.^___ 

WllliaiQ . 

ColuTnbuA Gallery of Fine ArtSp Columbus^ Ohio: 

Abraham Lincoln.,_____ 

Corcoran Gallery of Art* Wasbington, D, C.: 

The White Girl__„„._ 

Dahafl Mtiaemo of Fine Aria, Dallaa, Tex.: 

George Washington (Vaughan^irclalr).,,,. 
Dayton Art Inatitnte^ Dayton p Ohio: 

Lackawanna Valley,,__ 

Fort Worth Art AiMciationp Forth Worthp Tex,: 

BrecitiDg Up_____ 

Metropolitan Afqeenm of Art, Kew York* K. Y.: 

Captain Charles Stewart____ 

Pack Memorial Libraryp Asheville, N. C.: 

Thomaa Dawson-_____ 

Henry Laurena,,^^____ 

Andrew Jaekaon---^____ 

WilliainJna Moore-_____ 

General William Moultrie-__ 

John C. Calhoun---^,, 

John Baptieta AhIio...____ 

Matilda Carobne Cruger-_---. 

Franoia Hopkinaon^^,,,,^^,^__ 

Ann Biddle HopkinBon_,,,^_,__^_^_^^^ 

Joeiaa AUrton^.___ 

William nogerH__-__,,___^_,__^^^^ 
PortraitSp I no.. New York* N, Y,: 

M«_ Cheater DoJe_,_^^_____ 

Mr* Qietler Daie_^_____ 

Scott and FowIcSp Now York* N, Y.: 

Joaepb Widener,,-,,_ 


Augustua John, 

Trumbull. 

Stuart. 

HeaJy. 

Whifltlor. 

Stuart, 

Irkoesa. 

Winslow Honior, 
Sully. 

Mather Bwwn, 

Copley, 

f:UrL 

Feko. 

Charlee WfUaon Peale. 
Bembrandt Peale, 
Stuart. 
xStuart, 

SuUy* 

Sully. 

Tbeus. 

TnjfnbulL 

B&llowa, 

BeLlow'a. 

Auguetua John. 
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EXHIBITIONS 


During tile fiscaJ ye&r 1949 the following exhibitions wem Keltl fit 
the National Gallery of Art: 


Aoiftrician Pain tings from the CoUection of the NatloJilll Gall^iry of Art. 
bitlOEL of Aioeritim ]mi£itlng5p featuring a group of portraite from Poeahaataa to 
General Eieenho^er. Continued from prevloua flscaL jeaxp through July Up I&4&. 

American Folk Art> Eihihition conflating of 104 water-color renderktgs from 
tho Inde^ of American Design. Jnly 18 to September 7^ 1948. 

Americao Graphic Art from tbo Eighteenth Century to the Preaent Day* 
Selection from the ooUections of the Llbrarj of Gongresa, the StnithBonian Institu- 
tioup and the National CaJlery of Art. Septeinhcr 19 to November I4p IM&. 

Partfi tho Favorable Climato. Exhibition of printa and drawinija by Bonnardp 
Vuillard, Maurice Denis, Andro Dnnoyer de SegooiaCp and Matisee, arranged in 
meuiory of Fraok Crownmehleld 4 November 2tp 194Sp to Jamiary U, 1940. 

Michelangelo's "David." Lent to the National Gallery of Art by tlio Italian 
Government. January 24 to June 1949* 

Gulbenkian CDlIcction of Egji-ptian Seulpturo. I^ent for an indchnito period to 
the National Gallery of Art by C- S. Gulbenkian. Opened Jaimary 30^ 1940, 

Stndicfl of Medieval Cathedmts- Eihlbition of pliotographJo tftudiea lent to 
the National Gnlley of Art by Clarence Ward^ head of the Department of Fine 
ArtSp Oberlin Colleyep January 30 to February I3p 1949. 

Gulbenkian Collection of Eighteenth Ctaitury French Objotta. Additions to 
earlier loan by C. S. Gulbenhhuip on exhibition at the Natiotmi Gallciy of Art 
for an mdehnito period. Opened February 20p 1049, 

American Paintinga from the Callcctinn of Uie Katioual Gallery of Art. Feb- 
fLLary 29 to April 10, 1B40. 

Early Italian Engraving. Exhibition of early Italian tngravinga^ lent to the 
National Gallery of Art by various naliseums and anonymoua Icndera^ AprR I? 
to June 19j 1949. 

R Horace Gallatin Collcetion. ExhS bition of prints bequeathed to tht N ational 
Gallery of Art by Mr. Gallatltip Opeoed June 2Up 1949. 

The foUow'iiig exhibilions were displayed in the csafetcria corridor 
of the National Gallery of Art during the fiscal year 1949: 

WliisUcr Printa. Rracnwald CollMtUMi; one gift of Mjron A, Hofer, Con* 
tinued from provioua iJacnl year througll July 18. IWS. 

Audubon Pfitsts. M«. Walter B. Jara«a CdlIccUon. July 20 to IJetoiaber 12. 


1048 ^ 

lodes of Ainefls»n BeBign. W’ntor-color renderings ol ewly Ajneriean toyi. 

Deeembor 13, 1948, to Fobroary 16, JW9. , , , , ... 

Indes of American DetOgn. W-nteiMjolor randerin p of early Anwneaa furniture 

and testilM. February 16 to March 28, 1949, . ,0 . si ts 

Legroe Print*. George Matlbcw Adam* Collection. Mwcb 29 to May 16. 

1040 

Seymour Baden Print*. Reecnwald CcIl«tiou and gift of Mih ElleabeUi 

Aeheiia. May 16 to June 12, 1949. . 

Ostade Print*. BosenwaJd Colleclion and gift of .Mre, 

Opened Juno 13. 1049^ 


Addia Burr Qaik, 


32 AKKVAL EEFOfiT SMITHSONIAN INSTITUTION, 


TRAVSLINO EXHXaiTlONS 

Rosenioald Special exhibitions of piriuts from ihe R(^n- 

^vftld Collection were circulated to the following places during the 
fiscal year 1949: 

Kcanetb Taylor OoUeri^^r J^wtiicket, Mass.: 

26 Fjtuacb prints. 

July 2Q to August 23, IMS. 

Watkins Gallery, Amcricim University^ VVashiiigtont D. C.: 

26 French prints. 

October 13 to 30, 1048. 

Loa Angeles County MuDeum^ Los Angeles, Calif,: 

20 hlnke prints. 

October 1S4S. 

Wyntotc WoEdftii's Club, Wyncote, Pa.; 

11 prints. 

October 17 to 23, 1Q43. 

Rutgers College, New Brunswick, N. J.: 

9 ItaUon prints. 

October IMS. 

Fogg ^luseum of Art, Harvard Unlveialty, Cambridge, hlase.: 

1 Bembrandt drawing. 

November 1948. 

Museum of Modem Art^ New York, N, Y.: 

I Munch print. 

November IMS to January 1949. 

Waiter Art Oollcry^ Baltimore, Md.: 

S Gavami drawingS- 
January 22 to March 8, 1949. 

Walters .Art Gallery, Baltimore, Md.: 

ai minta tii rftB;- 

ianuary 27 to March 13, 1949. 

City Art Museum, St. I^ouis, Mo.: 

IT prints. 

March 1949. 

Institute of Centemportury Arts, Wsahitigton, D, C.; 

II Klee prints. 

March 21 to April 22, 1949. 

Philadelphia Museum of Art, PhllMlelphIa, Pa.: 

3 Lahmbruck prints. 

May 1949. 

Art CoUery of Toronto, Toronto, Canada: 

67 prints. 

May 1949. 
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Ind^x of Aneric^in During the fiscal year 1949 eixhibitinnsi 

Erom thia oolloction were shewn at the following placne: 


Library of Congresa, Wagbinglaop D. C, 
WcBtem Kcserve Hiatorical Society, 
Clav^land, Ofctlo. 

Shaker VUilagc Work CAmp, Pittsfield, 

Mass. 

Neif York State Hiatorical Aflsocifltiop, 

CooperstqwD, N. 

Damariscotta iDformatioD Bureau, 
DanLarl&cottap Maine, 
litijvoralty of Teemesaeo* Knoxviilen 
Teno. 

Wuitum Musonjo of Fine AttSh 
Wifl. 

City Art Muscunir St. LouiSp ^io- 
WmSftm Rockblil Nelson Galleryp Kan- 
City^ Mo. 

MunHon-WUliams-Proctor Institute, 
Uticap N* Y; 

Toledo Museum of Art, Toledo. Ohio. 
Mint Museunip Chailotto„ N. C, 
Museum of Fine ArtSt Montgoinefy, Ala. 
Sebenectady Muaeunip ^henectady, 
sr. Y. 

Uoiveraity of OkUboma, Nortnan, 
Okla. 

University of Michigan, Ann Arbor, 
Mich- 

North Carolina College, Durham. N. C. 
Art Institute, ZanesvilleH Ohio. 

Atlanta Dlilveraity, Atlanta. Ga. 
Currier Gallery of Art, Alanchester* 
N, H. 


Stephens Colley, Columbift, Mo^ 

Brorrn University, Providencep R+ I. 

Fort VnlSey State College* Fort Valleyp 
Ga. 

Waalilngton CollcgCp GbeetertowDp Mdi 

Everhart Mnseuiti, Scranton, Pa. 

Art Gallery, Grand Rapids, Mich. 

FlorMa Agricultural and Mediank*! 
CoUegep ^ftUaliasscw, Fla. 

Famftt orth MuaeuinT Rockland, Maine- 

Tuskegefl Institutn, Tusfccgeo, Ala. 

Young Flay way a, Inc., WaabingtOBh 
D. G. 

Smith GoREge, Nortliampton, Mnffl. 

Fmiric Vkw Univeraity, Frairio View* 
Te3L 

.Univoiflity of North Dakota, Grand 
Forka, N. Dak, 

Anicrican iTnlvcrslty, Washington, D, C+ 

Rockford Art Aeweiation, Rock ford ^ HI. 

Sweet Briar College, Sweet Briar, Va. 

ArbaELBaa A|frieuUliraL MecSianical and 
Normal Ootl^sCi Pine BlufTt Ark- 

Alfred Univerflity, Alfred ^ K. Y. 

Fisk University, NaBhvUle, Tean. 

St. Paul Public Library^ St. Paul, Minn. 

Spelman College, Atlanta, Ga. 

Arnot Art Gallery, Elmira, N; Y. 

Kenneth Taylor Galtenoe, Nantucket, 
Maaa- 


CURATOBIAL ACTtVlTIEB 

Tho Curatorial Department accessioned 1.118 new g\Sis to lUe 
GaUory during the fiscal year. Adrice was given in iho case of 233 
works of an biought to the Gallery for opuuon, and vmts wc« 
made by meiubcre of the staff in connection vnth proffered works of 
Almost 1 000 reaearcb problems requiring reports were iQT^Ugated 

received by the Gnllery. During the y^, 

le individual lectures were given by S ElSsbeib 

i«»tu at tlift Gallery and elsewhere. In addition Mies fj^lusaoetn 

E.V. 6 »min.r .t Alrmharpe, J«Ud.to.-., P.., to Wh- 
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more College honor students; Cliorles Seymour, Jr., gAve a course 
at Johns Ifopkins University on Renaissance Art; and Charles M. 
Kichards gave a survey course on art Uistoiy under the auspices of 
the Department of Agriculture. Miss Mongan also made the 
arrangements for Arthur M, Hind's American lecture tour, in connec¬ 
tion 'with the publication of h*art II of his “Early Italian Engraving/' 
under Gallery auspices. Mr. Seymour served on threo and Miss 
Mongan on two art juries. 

Special installations were prepared for: the Michelangelo “David" 
lent to the National Gallery of Art through the courtesy of the 
Italian Government; 2& pieces of Egyptian sculpture lent to the 
Gallery by C, S. Gulbeukian placed on exiiibition in January 1949; 
and cightcenth-contury furniture and booka also lent by Mr, Gulben- 
kinn. The cataloging and filing of photographs in the Geoigo Martin 
Richter Archive continued to make progress, with the gradual 
enlargement of the coUectiou. 

Further activities of the department are indicated under the 
heading of “Publications/' 

HnSTORA'TJOX AA'D BEPAIH OF WORSE or ART 

Necessary restoration and repair of works of art in the Gallery's 
collections were mads by Stephen S. Fichetto, Consultant Kestoror 
to the Gallery, until his death in January 1949. No auccossor to 
Mr. Pichetto has as yet been appointed, but necessary minor repairs 
on the works of art have been continued under tho care of Mr, 
Pichetto's residual stafT, All work w'as completed in the Restorer’s 
studio in the Gallery, Tilth tlio exception of tho restoration of two 
paintings, work on which is being completed in the New York studio 
of S. S. Pichetto, Inc. 

FOBLICATIOKS 

During the year Mr. Cairns published two books, "The Limits 
of Art/’ Pantheon Books, Inc., and “Legal Philosophy from Plato 
to Hegol," Johns Hopkins Press, He also edited a volume entitled 
“Lectures in Criticism/' Pantheon Books, luc., and contributed an 
introduction to “Epicurus, My Master," by Max Radin, University 
of North Carolina Press. Ho also contrihutod articles and reviews 
to the Columbia Law Review, Human Events, Saturday Review 
of Literature, New York Herald Tribune, Baltimore Evening Sun, 
Law and Contemporary Problems, The Scientific Monthly, and to 
the volume El Actual Peusamiento Juridioo de los Estadoe Unidos, 
Buenos Atm. ' 

A series of 12 article on masterpieces in the GaUcry, prefaced 
by one entitled "Now Friends for Old Masters.'' is being published 
by John Widker in the Ladies Homo Journal. An article by Mr, 
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Walker, "The Art of Duplicating Groat Art.” appeared in Vogue 
on August 15, 1948, and another, "American Masters in the National 
Gallery " in the National Geographic Magazine in September 1948, 
Mr. Walker also contributed two book reviews, the first reviewing 
Bernard Berenson’s "Acatheties and History in the Visual Arts” 
to the October 1948 Gazette dea Beam-Arts, and the second, entitled 
*Tho rhilosophy of a CSonnoisaeur/' a review of Mr. Berenson’s 
■Sketch for a Self-Portrait,” to the New York Tiniea for April 24, 
1&49. Churles Seymour, Jr., published two articles, "Note on the 
Relationship between an Illustration by Travios de Vill^ and 
Daumiera ‘Lc Fardeftu’,” in the Journal of the Walters Gallery for 
1948 and in the Summer Bulletin of the Columbus Gallery of Fme 
Arts the test of the address given by him for tlic inauguration of a group 
of sculpture by Georg Ehrlich in the Columbus Gallery of Fme Aria. 
PHnliug of ‘'Masterpieces of Sculptures from tlie National Gallery 
of Art/' a volume prepared by Mr. Seymour, was begun during the 
summer of 1949. Mrs. Fern R. Shapley haa written two book rovuewa, 
a review of Bernard Berens^on^a “Aesthetics and History" whirh la 
to be published in the nost niunber of tho College Art Journal, and 
one on Evelyn Sandbcrg^Vavala'a "Uffiai Studies” publi^cd m the 
Januarv 1949 Gazette dca Beamt-Arta. Miea Elizabeth Mong^ 
contributed six articles for the volume honormg Paul Sachs; an article 
for the Color Print Society on "Rockport," a colored liUmgroph 
by Stella Drabkin; descriptions of 27 illuminated numatu^ to 1 ro- 
fessor Faya for the second edition of Scynioi^ de Ricci a 
of Manuscripts in .America." An article on Rowlandson by David 
Keppol was publislieJ in the winter, 1949, 

An article by James W. Lane entitled Religious ^t Exhibit 
appeared in ‘the Interracial Review, and one on Contcmpori^ 
RoUgioua Sculpture Exhibition” in 

ho coDtrihuted two book reviews on \an Ej^ka the Holy Lamb, 
by Leo Van Puyvelde, and "Robert l^uia Stovenson, by Da^d 
Daiches, to tbo Catholic World, and one on 

Painline ” bv Wolfgang Born, to the Magazine of Art. Charles M, 
rSIS o. . cod. to ta«nn.,«um tou.. to U.e 

^"‘ ^■^! !^‘T.°too‘”rGidbm]ki<u. Esjpliw «u5ptiire »M 

totd to th,opam«.I tU. BUWtioD, and Mr.Sejmour 
rpfSpUal on L Midldangelo "Dava," winch .« P 

i I 1 tiSrtTi The book of Jlustratious of the Mellon. CoUeo 

dunn* ita , 549 ; wank oa the now N.dond 

tion went to press m the late spring oi i® , 

Gallerv of Art catalog is at an edvatiecd stage, ■ j . 

Th7p^bli»>iona Fund during to P<« ^ “ 

add new aubjacu to to supply ot mBpan»vo color rcpcodnctnHl. 
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ofTer^ to the public, mcludiiig 11" x 14" color prints and color 
post cards. Five large collotype reproductions supplemented the 
already long Ust of aubjeeta available. A silk-scrcen print of an 
anonymous fifteenth-century colored woodcut from the Kosenwald 
Collection was also published. 

The Gallery is continuing to meet the demand for illustrated 
catalogs of its various collections. The Mellon catalog is in process 
of publication, a third printing of the Kress catalog ordered, and a 
fifth edition of the Chester Dale catalog was published during the year. 

Two new publications were issued this year; an "Arts end Crafts 
Bibliography," by Erwin 0. Christensen, and a catalog of the "Egyp¬ 
tian Sculpture from the Gulbenkian Collection." A group of engraved 
Christmas cards was added to the usual series of color and Rosenwald 
subjects. 

Final negotiations have been made for the pritiring in gravure of 
the book, "Masterpieces of Sculpture from tiro National Gallery of 
Art," and it will be available by October 194&; the publisher now 
has the final manuscript for"Mado in America,” by Mr, Christensen; 
the Gallery received a stock of "Popular Art in the United States," 
also by Mr. Christensen, which ttill go on sale on July 4, 1949; and 
"PicUires from America," by John Walker, w'ill shortly be published, 

tmUCATXONAL FROORAU 

During the year appno.timately 15,000 persons attended the Gen¬ 
eral, Congressional, and Special Topic Tours, while over 20,000 
attended the Picture of the Week. More than IS,000 came to hear 
the lectures and other programs in the auditorium. At least two- 
thirds of this lecture audience were regular attendants at these 
Sunday afternoon lectures. Many of tliem brought out-of-town 
visitors, and stated lliat this lecture series was becoming one of the 
CapitaPs chief Sunday attractions. The motion picture, "The 
National Gallery of Art," continues to be popular with dubs, educa¬ 
tional otgaoizations, and similar groups. During the post 12 monthfl, 
19 persons borrowed this fUnx. 

The publication of the monthly Calendar of Events, announcing 
Gallery activitiee, iiiduding notices of exhibitions, lectures, Gallery 
talks, tours, and oonccrEs was continued during the year by the 
Educational Department. About 3,900 of dio Calendar of Events 
are mailed each month, 

UnUARY 

A total of 2S3 books, 231 pamphlets, and 31 periodicals were given 
to the Gallfliy; 494 books, 18 pamphlets, and 283 periodicals were 
purchased, and 40 subscriptions to periodicals were purchased. 
Exchanges with other institutions included 47 books, 114 pampblctsi 
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13 periodicals, and 420 bulletins. Of iba 1,702 books borrowed and 
returned during the year, ibe library of Congress lent 1,076 books to 
llie Gallery on ike usual interlibrary loan basis, and the remaining 
86 books were borrowed from 25 public and university libraries. 


isuEK OF americax 

During the year the Index of .^eiican Design continued to expand 
as the result of gifts and exekangea. Three hundred and thirty-six 
persons studied Indtx materiel at the Gallcryj of this number, 301 
were new users and 25 revisited the collection for study purposes. 
The use of photographs of Index drawings wna increased by about 
40 percent, with 1,796 photographs being sent out on loan, exchange, 
or purebase. Fifty exhibitions of original water-color renderings 
u-ere circulated in 25 States. 


PRESIDENT INAUGURAL EECEPTIDN 

On January 20, 1949, the Fresident’s Inaugural Reception was 
hdd in the National GaUery of The Seventh Street ground 

floor and main floor lobbies were especially furnished and decorated 
for iho occasion; the rotunda and tko two garden courts were appr^ 
priately decorated with floveers; under arrangcinonta made by the 
Wliito FIousb staff, ft platfomi was built in th« Sculpture llall 
where the rrcaldent addressed the guests who could not be receired 
personaUy in the West Garden Court. Three seeiions of the Manlio 
Rand Orchestra played during the reception. Ike total number of 
guests was approximately 8,000. 


CUSTODY OF GERMAN PAINTINGS 

On April 6 1940. l-iie Gallery accepted custody of the 97 paintings 
from Berlin museums which had been on an exhibition tour of the 
United States, part of the group of 202 German paiutiiigs stored m 
the Gallery building by the Department of lha Army from Deewnber 
1946 to March 1948, After the last exlubiUon of Ibis collection of 
paintings in Toledo, Ohio, the collection was brought to Wnslmiglon 
and stored in the Gallery for about 2 wcet^ pending firm ahippi^ 
arrangements. On April 20, 1949, the coUection was delivered to 
the Armv for return to the jerrican Zone in Germany. 

The exhibition of the Berlin painting m 13 museums throughout 
the Unitt^d States resulted in the collection of $303,606,36 through ad¬ 
mission fees and voluntary contributions for Uie robot of German 
children in the American Zone in Germany n^e funds were de¬ 
posited with the GaUery and were later dish^ed m accordance unth 
instructions received from the Department of the Army, During the 
tour 1,307,001 pcrfioiis viewed the pamtingB, ill addition to 964,970 


38 ankual report smtthsokiak ofSTirunofT, 104^ 

who SAW them during the time the paintinga were on exhibition at the 
N’ational Gallery of Art in Washington, 

CUSTODY OF OERMAN' SILVER 

On January 7,1949, tho Gallery returned to tlio Department of the 
Army for transjiort to Germany the 44 sealed oases containing aiivor- 
vraro and glassware and belonging to the HohenzoUem family. The 
cases had been stored in the Gallery since April 11, 1947. 

CUSTODY OF WRITE HOUSE FURNITURE 

On November 24, 194S, the Gallery accepted custody of certain 
items of paintings, sculpture, and fiirnlltire bolonglng to the White 
House for storage in the building tmtii the repairs to the White IIoubb 
arc completed. 

Shipments of these items started on December 3, 1948, and con¬ 
tinued for severfll days thereafter. At the present time there aro 76 
works of art—paintings and sculpture—sbirod in tbs Gallery's storage 
rooms and 26 vanloada of lurnitiire stored in the packing space on the 
main floor. 

The ncccssmy arrangementa for fire prevention, inspection, and 
fumigation have been establishdii and are being carried out, 

NEW CONSTRUCTION 

During the past fiscal year, the Committee on the Building approved 
the construction in the southwest moat of a small workroom for tbs 
use of the gardening staff in maintaiiung and growing certain plants 
for tho garden courts and landscaping. Later, when funds become 
available, it is planned to construct two small greenhouses adjacent 
to this worltroom. 

The growth of the Gallery’s roUeetiona of works of art has been so 
rapid that all available exhibition space is now being utilized. As a 
matter of fact there are already several paintings which cannot be ex¬ 
hibited because tbere is no apace in the present galleries. For this 
reason the Committee on tho Building recommended that, to take care 
of the most urgent needs, the unfinished spaces 61-66 and 68-70, on 
tho main floor, be completed as soon as funds are available. These 
galleries will be used for new acquisitions of pfimtings in the jVmerican 
and British schools and will also make possible domo rearrangement in 
galleries already finished so as to make available additional space 
therein. 

The Committee on tho Building also recommended that the so-callo(i 
copyists' room be finished to furnish office space for tho Educational 
Departniontj which is now operating in rather cramped quarters. 

Fumls have been generously made available from private sources to 
complete this work, and contracts have been entered into with EggoTB 
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and Higeina, Architects, and Vcrmilya-Brown Company, General 
Contractors, for tbo completion of 13 galleries in these unfinished 
areas. Tho floor plan has been approved, and bids aw now being taken 
from subcontractors. It ia anticipated that actual construction wiU 
begin in August 1949 and that tho work will be completed by May 

CARE AND UAINTEXANCB OF THE BHILDIKG 

The usuol routine work in connection with tho care and m amtonance 
of the binlding and its mechanical equipment was carried on tliroughout 

^Thr*thrco older refrigeration compressors were completely dis* 
mantled and overhauled, mcluding the purge compressors. Three 
chiUed-water jumips, including tlie clcctnc motors, were 
overhauled and realigned by the mechanical staff. Twelve snppty 
fans were cleaned and repainted to protect them against corrosion 
The structural steel base for the large 400 *Ui>r«cpowcr motor 
No. 2 Worthington refrigeration machine was slre^thened in 
that this large motor would remain in alignment. To correct swous 
leaks in two of these macliines, tbe tcchiucal staff successfully 

and installed the necessary parts. 

The cornice metnl lining at iho lop of tho avtenor waff of tlm 
building developed leaks, and approximalcly oO percent of the joints 

in the metnl lining were cleaned and soldered. i 

In connection with tlio Inaugural Keceptiou, tho technical staff 
iiXlS floodlights on three sides of tho building,^ essistoe tho pemon- 
nel of the U S \rmv Signal Corps m the insiallatjon of a load-spcftko 

lies for the use of the caterer. The mamienftncc staff eroded otten- 

sive cheeking facUities for the proper care of ™ps. 

Twelve now display cases were constructed by tho staff for tho 

Gidbcnkian Exhibitiw. Gallriy grounds and other miscello- 

work ^ t„„ pitJco Mvirtt.» grown in 

’which were used fo ^ nv^r 3S0 Inree pcits of chrysanthe- 

.he «,uy.w»i '2 plnnuTroridcd 

ITcSeST™ gwnien eonru dering d,c n.«.«» •< Ocieber 

end Norein er eipeut riAMreene 

.1 TTrhitjiH folates Civil Servioe Commission's 
During the compos«l of staff mombors of tho 

ComrmLtec of _ , gtandords for Civil Service positions in 
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CommitUMs also performed preUmlnar^ work in the preparatioo 
of tho ex&miDation atuiouncemeDt for art positions which was dis¬ 
tributed by the Civil Service ConunissioD with a closing date of 
April 16, 1946. From this eKamination registers of eligibks will be 
established for appointment to art positions in the Gallery and 
elsewhere in tho Government. This will give the present iacumbentS) 
most of whom are sorring indefinite wartime appointments, an 
opportunity to attain permanent status, and will also make available 
a greater number of qualidcd candidates. 

OTHER ACTIVITtEB 

Porty-sk Sunday evening concerts were given during tho fiscal 
year, oU concerts being held in the East Garden Court. A Mozart 
Festival of six concerts was given in the autumn with the highest 
atteudance rate for tho season. Tho five Sunday evenings in Mav 
were devoted to the Gallery's annua] American Music Festival, An 
estimated 50,000 persons attended these concerts. 

During tho year the photographic laboratoiy of the GalJaj^' made 
17,709 prints, 1,3^ hlack-and-whitc slides, 1,005 color slides, 3,g73 
negatives, in addition to infrared photographs, ultraviolet photographs, 
X-rays, and color separation negatives. 

A total of 3,500 copies of press releases, 128 apeciaj permits to copy 
paintings in the N'ational Gallery of Art, and 117 special permits to 
photograph in tho Gallery were issued during the year. 

OTHER OIPTS 

Gifts of books on art and related materia] were made to the OaUciy 
libraiy during the year by Paul Afellon and others. Gifts of money 
during fiscal year 1946 wore made by tlie Avalon Foundation and 
The A. W, Mellon Educational and Cfliaritablo Trust, and a cash 
bequest was received from the Estate of the late WiUiam Nelson 
Cromwell. 

AUDIT OF PRIVATJi FUXDS OF TFtE OALLRHY 

An audit of the private funds of tho Gallery has been made for tho 
fiscal year ended June 30, 1946, by Price Waterhouse & Co. public 
accountants, and the certificate of that company on its examination 
of the accounting records maintained for such funds null be forwarded 
to the Gallery. 

HespecifuUy submitted. 


The Secretary, 

SmUhionian IntHivtian. 


IltrNTjNGTON Cairns, iffecretorj^. 


APPENDIX 3 


KEPORT ON THE NATIONAL COLLECTION OF FINE ARTS 

SiEJ I liava tho honor to submit the following report on the ftctiTi- 
ties of the Natioiml CoUection of Fine Aits for the fiscal year ended 
June 30| 1949. 

THE SlUTHSOSIAK ART COMaiBSlON 


The twenty-sixth annual meeting of the SmUhsonian Art Commis¬ 
sion was held in the Regents’ Room of the Smithsonian Building, on 
Tuesday, December 7, 1948. 

The members present were; Paul MansUip, chairman; AJexan er 
Wetmore, secretarv {member, ex officio); Gcoige Hewitt Myara; 
George It. Edgell; Lloyd Goodrich; John Taylor Arms* Archibald G. 
Wenley, Gifford Beal, and Robert Woods Bliss. Thomaa M. Boggs, 
Director of the National Collection of Fine Arts, and John E. Gref, 
Assistant Secretary of the Smitliaonian Institution, wore also pr^nt. 

The Commission recominended the reelection of Archibald G. en- 
ley, DftTid B. Finley, Eugene E. Speicher, and Paul Manship for the 

usual 4-year period. . . , . tj t n/ 

The following officers were reelected for the ensuing year: Paul Man- 

ship, chairman; Robert Woods BUss, vice chairman; and Dr, Alexander 


Wetmore, secretary. 

The following were reelected members of the executive committee 
for the ensuing year: David E. Finley, chairman, Robert Woods Dl.^, 
and Gilmore D. Clarke. Paul Manship, os chaimau of the Coimma* 
Sion and Dr. Alexander Wetmore, as secretary of the Commission, are 

ex olfficio members of the executive coramittce, _ 

The Secretary summarized the status of exhibition and storag 
the art objects of the National Collection of Fine Aits which at present 
^e housed in spUe intended for the natural history coHcetio^ m the 
NaLiirol History Building. A separate budding for ^o wt coUcctiOM 
ta includS i« L Smittaouino buBdliis I=»t f-«l» '“f 

development of plans have not been made avadab c. 

TherUowing resolution, offered by Mr, Goodrich, was passed unan¬ 
imously, „ii„rtion3 in the euatodv of the Nalfonal CoUm- 

fieipJwrf, That ^ (ntj«ly inadequate manner, the Smithsonian 

tion or Fine Mta are that the Secretary of the Smithsetijae InsUtution 

Art CommisBion rwemmiuid* that me eecrewir/ 
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t 4 ike aU action necessary to provide apace and faciUties necessary to the preBcrvB^ 
tion and proper exhibition of tbeae art coUcettong to the publJo. 

The foraial meeting Tvaa adjourtied at 11:45 at which time the mem¬ 
bers assembled in the main hall of the Smithsonian Building to pa&a 
on the works of art whidi had been offered during the year. The fol- 
loAving action was taken: 

Ac(€pl^ for Naiional CoU^t^ion of Pint AHw 

MiniatLire, water color on Tvory, Kobert BroomCp by an unknown artist, and a 
sheU eamco. Gifts of Miss Helen Munroe. 

Palntlag, Tiacr and Cub, ink and water color on paper, and &Qroli, Ink on pap^^r, 
by M r, Wloang, Jang Har. Gifts of tbe artiEt aa a token of friendship and gratitude 
to the American people from the people of Korea tbrough the Korean Cammisfllon 
In Washington. 

Mjnlaturep water color on Ivory, My Uliole Charles, by Albert Colffl. Gift of 
the uniat 

Oil, Portrait Group {Beolaimn Weat, Frank W. and Henry T. C. Wilkin), by 
Frank W. Wilkin {1T01-Ifr42^. Gift of Mrs. Mabel Wiles* 

Oil, Thomas Moran, by Howard RusBeM Butler, X. A. {18ii0^1934). Bequest 
of Misa Ruth Moran. A signed paJette and briLsh^^ u^d by Thomas Moran, and 
a pbDtogra%'^ure of the artist^ were tnduded in the bequest. 

on, A Reading, by Thomas Dcmng, N, A, 0851-183SJ. Henry Ward 
Ranger bequcsC* 

OD, M^gery and Uttlo Edmund, by Edamnd C. TarlH:ll, X. A, (1862-1938). 
Henry W'ard Rangor boqueat. 


Ar^pUdJor fAi Nfitional Porirait GoUcry 

Oil, George \Vfi£ibit)gton Carver, fay Beta>' Graves Hey neau. Gift of the George 
Washington Carver Memorial Committee. 

AccepUdfifr ik^ ^rnilAsonuan Jnsfilulten 

Water eoler on eilk, Tieer, by Ili Dang (Mr. K iio, Eun HoJ. Gift of tlio artiat 
IhTOUgb Jolm n. Hodge, Oemenant General, Tin Ited States Army. 

Oile, 44 portreuts of World War IJ heroes, by Joseph CuminiBgg Chaso. Gift 
of the artiet. Assigned to the Departti«eiit of History February 1", 1B4&. 


ClIPOSITB 


Ofl, Portrait of Spencer FuUerton Raird. the scoood Secretary of tho Smith- 
socian rnstitutlon, by Henry Elko {1821-1910), P«rebfl*ed by tlte Smiltowiibu, 
Institution and deposited August 0, IQ^B. 

BrOMo, African Elephant Sccatlog Danger, by Eli Harvey. Accepted «• a 
gift of tho seolptor and deposited by tJ.e Smitbeojuan Institution December fl, 


TRE oatherike waldrn myer ruN& 

Tw'O ttttBiAiures, water color on ivory, were ac4|uired from the fund 
establUhed through the bequest of the late Catherine Walden Myer 
as foUowa; ■' ' 


68. Henry A. Colt, by John Wood Dodge (1807*1808); from Edmund Bury. 
Fhlisdelpnis, Fs. 


SECSSTAHT’S bepobt 
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efl. Ebcneier Martin of MartJn’B Ferry, Ohio, altribyted to Henry lamnn 
{ISai-lSWJj from Mub AHm E. Wood, Blowing Rock. N. 0. 


ItOiKS ACCEPTED 


Three Nvrapheiibiiiig figurines were lent by Miss Cornelia MorrlsOQ, 

NcwIoDi N. C., on February 7, 1940. , t. 

One miniature, water color on iToiy, Portrait of Elsie Llotig 
Street, by Gerald S. Haywood, was lent by Mra, James Walter 

iliekoy on February 15, 1949. , m f 

Oho oil pamtiflg, Portrait of Sr, BeniLo Juarez^ by Tom L&flp was 

lent by the State Department on February IS, 1949, 

Two oil paintings, Portrait of the Hon. Grizel Ross, by WiUiaiti 
Hogarth, and Portrait of Gen. Sir Charles Ross, by George Romney, 
ond'^one miniature, water color on ivory, Portrait of the 8th Baronet 
Sir Cbarlea Rosa, by E. C. Thomson, were lent by Lady Ross of 
Balnagown Castle, Ross-ahire, Scotland, on April 4, 1949. 


WITHDRAWALS BT owrrEBs 


A bronze bust of Abraham Lincoln, by Augustus Saint-Gaudens, 
lent by Mrs. Augustus Saint-Gaudens in 1912, was withdrawn August 
24 1043, at the request of Homer Saiut-Gaudens. 

Two oil pamtings, Shoshone Falls, Idaho, and Spectres of the 
North, by Thomas Moran, lent by Miss Ruth B. Morau in 1933, were 
wilhtkawn October 6. 1948, by the executor of Miss Aloran’s ^tata. 

An oil painting, The Nativity, by an unknown artist, lent by St. 
Paul’s Church in 1945, was withdrawn February 9, 1949, by the owner. 

Nine miniatures painted by Mrs. E. D. Sp^row when wm 
M ary Hall, lout by the artist in 1029, were w'lthdrawn Aprd 25, 1949, 


LOANS TO OTHER MUSEUilfl AND OllQANIZATlONfl 

The oriainal design for the painting in the Capitol Building, West¬ 
ward the Course of Empire Takes Its Way. by Rm^uel Leutze, was 
lent to the Ak«>n Art Institute August 17^948. to be m the 

Freedom Train E.diibition at Akron, Ohio. (Returned Ootobor S, 

^^An^il painting, Portrait of A.Imiral William Snowden S^, by 
Irving WUes, was lent Wi the Metropolitan M^eum of Art for w 
Stion held in eoujunction with the Umted Na^y entitl^ 

"Tour Navv Its Contribution to America from Cobiual Days to 

Workl LmdOTbip," 0<4o>'“ == ”• ‘”®- 

(R«tiirnMl Hidge, California Coaat, by Ralph 

r. ff.i° .o if; to Tha Brooklyn Moaaon., Brool^, f Y., for an 
SlibiSn “Tha Coaat and tha Soa, A Survoy of Amencul Marm. 
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Painting,” held from Novembor 10, 194S, to January IB, 1949. 
(Returned February 3, 1949.) 

Two oil paintings, Portrait of George Washington, attributed to 
William Winstaoloy, after Gilbert Stuart, and The Signing of the 
Treaty of Ghent, Christmas Eve, 1314, by Sir Am^dde Forealier, 
woro lent March 22, 1949, to the Deportment of State to be hung in 
the office of the Secretary of State. 

An oil painting. Portrait of Andrew Jackson, by Rembrandt Poole, 
was lent to the Committeo on Un-Ameritatn Actmties March 25, 
1049, to ha hung in its committee room for an indefinite period. 


TBE HENRY WARD RAXQER FUND 


Since it is a provi^on of the Ranger bequest that the pointings pur¬ 
chased by the Council of the National Academy of Design from the 
fund provided by the Henry Ward Ranger bequest, and assigned to 
American art institutions, may bo claimed by the National Collection 
of Fine Arts during the 5-year period beginning 10 years after the 
death of the artist represented, seven paintings wore recalled for action 
of the Smithsonian Art Commission at its meeting December 7, 194S. 

Two paintmgs, listed earlier in this report, were accepted by the 
Cominission to become permanent accessions. 

The following five paintings were returned to the institutions to 
which they were originally assigned, or reassigned, by the National 
Academy of Design os indicated. 


No. 3. Gny Dny, by W. Gmavllle-Smith. N. A. {1870-1033), BEsigDed to tho 
biatlonal Gallery of Art {now National Collectjoa of Fin* Arts). 

No. 48. Tbc Prodigal i5oii, by Horatio N, Walfeor, K. K (1858-1038), assigned 
totbe Albrigbl Art Gallery, Buffalo Fine Arta Academy, Delaware Park, Buffalo, 

N+ r 

No. 50, Soutliaven Mill, by IV. OranviUfr^mitli, N. A., aseignod to tho Toledo 
Museum of Art, Toledo, Ohio. 

No. fl3. Cypnpedia, by Sergeant Kendall, N, A (1869-1038), aseigned to the 
Galtfornia Palace of the Legion of Honor, San Frsneisco, CaUf. 

Ko. 90. Sucimor, by W. L. T^ythrop, K, A, (iSaO-lMS), Waadfped by the 
National Academy of Dealgn to the Mary Washington College, University of 
Virginia, Fr&dcrickchurg^ Va. 


The following painUngs, purchased by the Council of the National 
Academy of Design in 1948, were assigned aa foUo'ws: 

No. ISO. Soallght on the Waterfront, by Fcrtlinanfl II Wfifren, N A 
(1890^ ), to the Currier Gallery of Art, MancheHter, N. H. Mav 13 1940' 

No. 121. Villa^ Greon by John Piko, N. A. {1911- ). to W Washington 

Stfttfl Eigtorlcal Tiwnia, VVawh,, M^rch. 15 li)40 

No. 124 ^hstermen by Winter, N, A. (1803^ J. to the Mint 

MuBaum ot Art, Tat*, Ch*r3otte, N* C., June 1, 104©. 
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the national COLTfECTEON OP FIJfE ABTB BEFEaEMCE UBRABT 

A total Of 347 publications (214 TOlumes and 128 pampbleta) were 
accessioned, bringing the total National Collection of Fine Arts rary 

accessions to 11,364. j d_ t 

The most noteworthy gift this year was that of the Ferdinand Pewet 

Hesearch Library of the Arts and their Affiliated Sciences, from Fer¬ 
dinand Ferret of Los .ingeles, Calif . This library, a senes of uniform 
portfolios, contaitihig mounted reproductions o paudtii^ ^ 
objects, represents many years of work on the part o i r, ' 

The volumes on painters and sculptors are arrange y so oo 
alphabetically according to the aamea of the artiste. 

PRESnnVATION 

In addition to much necessary repair and renovation to 
manant coUections, portraits were cleaned, restored, and reTari^hed 
for the foUowing departments: State Department-^ecretanos ol 
State John Hay and Elihu Root, by n-^own arrets, ^orps 

Department of the Navy-Generals Franklm ? 

Bo^ett, by L. H. Gabhard; George Elliott, by Richard N Bwok^ 
John A Leieune by S. B. Baker; Archibald Henderson, by R. Lo 
G^nLoZZlZ John H. RusseU, by Bjorn Egoli Unitod Stat^ 
^ Forces! minor correction was made to the uniform m the por 

Alvin C. York, by Joseph Cumm^ Ch^e, was 
clcaned^for the Department of History, Umted States National 

Museum. 

iNPoniiATiON &EnviCE 

The reouests for information of 1.422 visitots received special atten- 
tionl^as did many simUar requests by mail and phone; 332 art works 
were submitted for identification. 

The Ca^nSer'^or fn^uding the 

T.kom Pyt. Md., tb« 

^to,^d lilo or «s membeni of jurira of 

Pm WomCD. Ttry ^ oxbibiUoiu teW in Wiahington. 

“'Si rji^r^nr P.«nn .0 copy or. wori.. in .he 

collection* 
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SPECIAL EXHIElTIONfl 


In addition to the regularly scheduled temporary exhibitions listed 
below, the. Community Chests of America and the Louisiana State 
&ciety of|Washington held special showings of paintings of timely 
mtarest[m the lobby of the Natural History Building for short periods. 
The Federal &eurity Agency was assisted in a Memorial Day exhibi¬ 
tion of paintings by Leslie E. Lane under the sponsorship of the 
American Legion. 

Augu^ 7 through B9, f5^5.—Exhibition of 94 portraits of Soldiers 
of Two World Wars, by Joseph Cummings Chase. 

Notember 7 through BS, 194S.~Tho Eleventh Metropolitan State 
Art Contest, held under the auspices of the District of Columbia 
Chapter, American Artist s Professional League assisted by the Entre 
Nous Club, consisting of 327 specimons of paintings, sculpture, prints, 
cseramics, and metalcraft. A catalog was privately printed. 

January IS through SO, Exhibition of Polish Manurd Arts, 

held under the patronage of His Excellency Jo^.ef Wiuicwicz, Ambas¬ 
sador of Poland to the United Slates, and the auspices of The Ameri¬ 
can Federation of j^u-ts, consisting of 131 pieces of tapestries, paintings 
on glass, and folk sculpture. A catalog was privately printed 

Febryap/ 6 Utrayh S7, mO.-Thu Sixteenth Annual Exhibition of 
The Mmiat^e Painters, Sculptors and Gravers Society of V\ ashingt-on, 
D. C., consisting of I5S examples, A catalog was privately printed 

April 7 thro^ighs?, 194$.-Tho Twenty-fifth Annual Hooaier Salon 
held under the aponsorship of the Indiana Stale Society of Washing¬ 
ton, consisting of 19G paintings, priots, and sculpture. A catalog was 
prix’ately printed. 

May S through SO, 1949 .—The Fifty-third Annual Exhibition of the 
Washington Water Color Club, consisting of 13S paintings and printa 
A catalog was privately printed. 

Reapectfully submitted. 


Tuojuas M. Beggh, Dtreefor. 

Dr. A. \\ etuoke, 

Seoretarg, SmUhsonian InstitaHon. 


APPENDIX 4 

REPORT ON THE FREER GALLERY OF ART 


Sib: I have the honor to submit the twenty-ninth annual report 
on the Freer Gallery of Art for the year ended Juno 30, 1049. 

THE CTOLLECmOP^S 

Additions to the collections by purchase were as follows: 


HfiCNES 


4B.21. Chineae, Chou dj-nasty (11^2-255 B. C., IsteJ. A quadruped: linear 
designs in couuiersunk relief; Hmooth gray-sreun patina with OMniats- 
tiona of green; craebed in plaew. forelcfti repaired. O.llS i 0 204, 

48.25. Chincaa, Chou dynasty 0122-250 R. C.. late). A Bnnneiit hook Juiald 

with silver and gold. 0.227 e 0,025. 

45.26. ChicKe, Chou dyoasty {1122-250 B. C., late). A ganiicut hock inlaid 

with turtjuolM and gold; underflldo plalod with silver. 0.212 i 0.017. 
40.4, Chinese, Northern Wei dynasty (A. D. 386-535). A ^ura slanding oo a 
lotua pedestal in a sbr-lobed dJah; ail very-gray patina anenutod with 
malachite, aiurito, and dirt adIheBioiist dish supported on threo lugs, 

0.243 t 0.215, . , , j 1 1 

40 S Chinese, Shang dyoanty {176&-1122 B. C„ late). A sovered ceterooulal 
vessel ot the type hv decorated with casting Id teller; amooth gray- 
grasD por'tliifi. (IlluBtrolijdj} 0,1 X Or 115. 

40 6 Chinese, Choo dynasty (1122-256 B, C., late), A garment hoot with 
bterlsccd dragon design inlaid in gold oa beckgreund of silver dote, 
ai23E O.OSO. 

OlaAEW 


Bvriau (late 13th century). A beaker with fluted body and Hhrlog 
honey-ootoTOd glass decorated wflh colored enamels and gold, 0 295 i 


0-172. 


<3aLi> 


*S 2S Syrian or Egyptian {lOlh-1 Uh century). A hinged armlet of hollow gold 
decorated with fine dUgreo work, kufie inecriptions. and settings for flvs 
iltQCLeB (now tnisaing)* Width; 0.131}. 


JADX 


48 la Chin.™ Choy dyoiKrtv {U22-2^^ B. C. A Ml rlyg of tyi» 

48.12. ^ grMiiiah-gray 

nephrite partly 

48.13. pattoms and earvins In low ralfd; hook in form 
of Jimal hJr«poired:^e nephrite almost alt deteriorated to cream 
colOtF. 0-J.31 X OrMiS. 
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LACQt’JER 

49. i. ChJaChou dynoat^" (1122-256 B+ C., laEo). A aval coromonlul 

cup OG a itftiid, wood oDvorcU with black lacquer with red dmigoa out^ 
iJde] black on red loside. 0.235 1 0.179* 

itAsuncarPT 

46,9. Arabic, Egypt {Hth^IStb ceDtur^). A Icar from a Koran; recto; illumi¬ 
nated with gold on blue and gold grounds, three w hite Ari/e; tnircrlptiODii; 
vcfTso: text in black nasf^i in a decorative border. 0.332 x 0.24S. 

49.2. Persian (lOth oenturyK A text of the Gniist^n by Sa'di written by 

Rajab b, Kbair al-dln . . . 156 folios, lllnmlftated tnrlwh, two 
Turkish miniaturca; test in black itojfa ir.^ wllh captionj In blue. ted. 
and gold; contempor&iy biodhig, new back and edges, 0,I9l k 0.113. 

49.3. PoFsian (ISlh contuiy*). A text of Mihr and Mushtatl by written 

by Shflikh Murahid al Kfllib in ShTraa, A. H* 632 (A. D* 1477) ^ 223 
folios, illuminated 'uauen, three miniaturea^ test In blaek najfa'fry, 

chapter headings in gold on decorated groutid^ conteiuporarv bindine, 

9.20110.122. I- - s 

UAtteLE 

43.23. Chinese, Shatig dynasty {176(^1122 B. C*. late). An ornamental carving 
In high and low relief; alightly doeoDapowd. 0.085 x 0.D50, 


49.10. 


48.11. 


48.15. 


48.17. 


FAINTlitO 

48.8, IndfM, AkbAT period {1556-1605), MitRhal. Xoflh'B Arkj painted in 
colotfl and gold. 0.281 * 0,156. “* 

Chidffle, Sung dynasty (030-1270, early). Portrait of Wang Huan| 
itik and ealor on afik; one inscription and two seals oa painting. 0.803 
S 0.817. 

CWneae, Sung dynssty (030-1270, early). Portrait of P4ng P'lng; ink 
and color on aiik; on« inacriptfon and three seals on paioltnK- (Illiia- 
tmted.) 0,399x0.327, 

PetaEan, Il-J^hftn period (Hth ceutuiy). Mongol. “Gushtisp killing 
the Dragon"; painted In colors and gold on paper; proto-Trirsta'Ilf 
aetipt, blaek for text and black and red for captions. Ells upper threc- 
Quarten of page. 0,338 * 0.300. 

Turkish (inld-16th century), CMoolserio: a lion, a cA'i-Iin and a dragon 
amid QonJ spraj'a; ink, goid and sUglit color on paper. 0 ITS x 0 285 
48.18. PowEnn, Timutid period (flftt half, IStli century). Slurili bcIimL Timur's 
entry Into Samarquand; leaf from a Zafar^nStna painted in colore and 
gold; text in black title iu tod. 0.239 x 0,133. 

48.19A. Indian (early I7th ecnlury) MugW, school of JahangTr. A vulture 
by Mansur, In colors on paper on the mtto of n leaf from m imperial 
idbum; versM and signature in nasln'if, andd floral rim-eaux. wide 
border of gold foliage, {liliistrated.) 0.163x0.102 
Indian (early J7th century) Mu^al. school of dahdngTt. Jahdngit 

MrUik 'Anbar, by Abu'l-Hasnn (Nfidir al^xaman); verso of the abo™ 

!t38o"o.2To!"'^ 

48.20. century) MushsI, school of JahBngir. Portrait of 

I tlmiid Bl-dnw|ft by Bfclehand; ink nnd colon on paper: bordere with 
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vcrtes In black sarffl'rt? and gold and polychTWna flora] dealgua; Verto: 
poems and floral decoration- 0.881 s 0-250, 

4B.2L Indian (early lYth century), ««diooi of Jahangir. A bcc-eater, 

by Famikb Beg, painted In colors On tUa retso of a leaf from an im¬ 
perial albiitiij verses in aasfa'flj and dworativo borders. On the recto 
of this leaf, a painting of tire same period and sciiooi allows a bownan, 
musician, and dervish, by nichitr, in gold and colors, also with verses 
in ftaxta'hq and decorative borders. 0-384 a 0-263- 
48.22. Chinese, Ming dynasty (14tii century). I-antbcapc in the stylo of Wang 
M4ng (d, 1385); ink On gray paper; two inBcriptioas and oigjil seato on 
paiiiting. 0.S45 s 0.397, _ 

48.SS. Indi&n (early Ulh century). Mu^nl. flcliQol of Jfthang[T. Portrait of 
by AUa'l-Hasan m t^olors and gold on 

fiignatur^ 6Jid three inscriptions. OnSSS s 0r2u7r 

6TOXI! HCCriiPTIJBB 

48.1fl- PersiaD (dated A. H, 549. A. O, II54-M55). A building Inscription by 
Ahmad b, Mubamuiad b. Ahumd (Aahl or Uaald), carved in a stab of 
alabaster]ike stone in the form of a infArdh; covered with kiff and 

notJbAl lEscrfptEona, (Illustrate-) 0.025 x 0.0^0. 

TLe work of lUc staff members bas been devote*! to the study of 
now accessions, of objects submitted for purchase, and to general re¬ 
search tvithin tbe collections of Chinese, tfapauese, 1 ersian, Arabic, 
and Indian materials. Reports, oral or wxilten, were made upon 
2,563 objects and 372 photographs of objects submitted for examina- 
tion; and 369 Oriental language inscriptions were tramdated. Docent 
service and other lectures given by staff membere are listed below. 


RCPAII18 TO TH^: COLLECTIONS 

A total or 27 objects ware obauad, resurfaced, tcmoimted, or ra- 
poircKl as foliowa* 

AmertCftu pointings cleaned and - 

Cbiaesc paintin&a remounted,------- _ 

Chinese pottery repaired-------_ 

Japanese paiiitinga remounted.,---.--—-—---- * ^ 

Japaoeao pottery repaired 

The repair and restoration of the walls of the Peacock Room by 
James McNeill IVbislIer, mentioned in last year’s report, were com¬ 
pleted on September 27 and the room was reopened to the public on 
October 4 It was closed again the fitst of the year and on January 
7 1949 the work of repairing and restoring the ceiling w^ begun. 
This involves taking down the coiling, lining each panel wi^ canvas. 
ttMting it tiilli BoBlure-preof «k. «■.■! it on • J*nyi PlJ" 

wood backing;. TbtJ painting on tbe wood la tben cleaned with the 

utmost care, Inter repaint is removed, gild^ and paint are renewod 
iQ areas from which they were gone altogether and the whole thing .s 
resurfaced. The work is slUl in progress on a part-time basis by John 
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A. and Richard M. FinlayBon of the Museum of Fine A_rts^ Boston^ 
and the atructural work ia being done by the Gallery cabinet shop. 


CHANGES IN EXHIBITIONS 

Changog m exhibitions totaled 53, asiolJowst 

Anmrican pedntuiss________________2A 

Peacock liooiQ (temporarily closed]-.______ 1 

Chbe^te gSlt bronze____ 2 

Chinese p&iiitinp_______- i 

Chinese _________ 5 

Japanese pAintings--.-^______ 16 


This unusually bid all number of exhib i ti on changes is accounted 
for by the lack of a painter m the Gallery. 

LIB E ART 

During the year the following work was accomplished hi the 
library; 

Accessionsp including books^ pomphlotSp charts^ rubbings^ and study 
photographs, 753; cataloging of all kinds, including cards typed and 
filed, 4,44S; binding^ repairingp and mounting, 6D3^ 

An inventory of tbo hbrary holdings was completed, and statistics 
now show the number of booksj pamphlotSp. and other Itemsp rather 
than the number of titles^ The pariodiesJa, including museum publi¬ 
cations, were inventoried, revised, and alphabetically shelved in the 
periodical room* 

PUBLICATIONS 

The following now edition of a former title was published: Annotated 
Outline of the History of Japanese Art, new issue, March 1949. 

Occasional Papers, voL 1, No. 2; Paintings, Pastels, Drawings, 
Prints, and Copper Plates by and Attributed to American and Euro¬ 
pean Artists, together with a List of Original AThistlerisna, in the 
Freer Gallery of Art, by Burns A. Stubbs, was published m August 
194S, 

REPRODUCTIONS 

During the year the photographic laboratory made 4,332 prints, 
713 glass negatives, mi black-and-white alidos and 269 color sUdes. 

attendance 

The Gallery was open to tho public from Qm to 4^30 every day 
except Chnetmas Day* The total number of visitors to come in the 
main entrance 74,S4G. The weekday total was 59,595, and 15,096 
visitors camo on Sundays. Tbo averagee were; Weekdays, 19S; Sun¬ 
days, 290* The highest montlily attend auffb was in August with 
S,300 and the lowest was in Decomber with 2,622. 
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There were 1,724 TuUors to the mam otRce during the yGflri the 
puipoBo of their visits was as follows: 


For gonertl infonufttion----i----- 

To 56 * staff tnembera^*—^-------- 

To in tlic librflxy„------ 

To make $kotche 3 And traciESja from library books--- 

To 6*^ buKdioiS and ------ 

To make photographs id court and sketches in exhibition galleries-^ 

To c^comloep borrow, or purebsa^c photographs and BUdas___^ -- 

To flubmit objects for exominBlioP----- 

To see objects in storage-— ----- 

WiAhington Ms*—^—----- 

Far Eastern pjamtngs and tfurtiles... - — - ^8 

Near Eostorn palrtllngs and mamisctipla—--- 

Tibetan pointings-- 3 

AjXLenean pointings-—--—---- 

Whistler ] 

Oriental pottery, jade, brOPMp toeqaer, and bamboo — - m 

All BcuiptOf*-----—-® 

Syrian and other glosS--.----- H 


7S7 

91 

217 

9 

24 

74 

3^3 

378 

237 


SPECIAL VISITOHS 


Two scholars made extended study visits to the GfJleiy during 
the year* as EoUowh: 

Nov 22 104S“Jan. 1049,- Mr. Shlb-halftng Wang. Curator of Palntinga in 

" ' the Palace Museum in Peiping, studied th« 

construction and opcratien of the building ab 
a whole and made a detailed study of the 
colloctloa of Chinese painttngB. 


Feb. 7-Mar. 4. 1949 


Mr. Won-yong Khu* of the Kattonal Mnaeum 
of KoreaK studied the Gallery and the For 
Eastern concctions+ 


DOCEKT Sl:RYTCK ANP OTHER STAFF ACTIVITIEH 

By request 16 groups met in the exliibilion galleries for inatniclioo 
by staff membem. Total attendance was 35S. 

On invitation the followinif lectures were given oulside the Gallery 

by stFifl" member^: 


1B48 

Oct, 20 


Oct, 21 


_ Mr. Pope lectured at the l>eiiver Art 
Muaeum^ Denver, Golo„ on (1) "Pre- 
historie Pottery and Ungloied Wares of 
Shnngp Chou and Ron/" ClllUfftrated.) 
Attcndoncep 150. 

3fr. Pope kctnmd at Doiivnr Art Maeeuiii. 
DenFor. Colo , on (2) ^^BeginnlngB of 
Glare and of Porcelain and their Deveksp- 
ment through the M iug Dynasty /* flUius- 
tmtedd Atlcndanco, 150, 

3SS3 
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Oct, 2Z ____^.____^ Mr. Pop* lerturod at Denver Art Miuenm, 


Denver, Q>lo„ on (3!) '*Tha DevelopmeGt 
of European Interest In Cfeinese Porcelfrlo 
And the Pinal Hcfnenieiits of Manu- 
factute at Ching-t^i Ch^n m the Qh'in^ 
Dynasty," (llluBtrAted.} AttendAneOp 
150. 


Oct. ____ Mr. Pope lectured at Nelson GaJleir of 

Art, Kansas City, Mo.^ on No. 3 (See 
Oct. 22 above). (JLluetrated.) Attend- 
AflCOj UO, 

Oct. 2B ___ Dr, Ettinfhaueen lectured before the Alea- 

andria Woman's dub, Alexandria, Va., 
on **Cultura of the Kenr East." (tiluah 
trated.) Attendance, SO. 

Oct. ___Mr, Pope lectured at City Art M^lBouIa^ St. 

Louis, Alo.^ on No. 3 (see Oct. 22 above). 
(lUuBtratcd.) Attondanoe^ 175. 

Nov* 4___Mr* Pop* lectured at Kellogg Auditoriuni, 

Ann Arbor, Mich., on No. 3 (see Ocin 22 
above). (Illustrated.) Attendance, 175* 

Nov^ 2^^____ Mr, Pope lectured at Bradford Junior 


Collcgo, Bradford. Maas*, on ""Introduc¬ 
tion of CblncH Cemuilcg to Europe'^ to 
members of the faculty. (llLustmted.) 
Attendance, 25. 

1&49 


Jan. ___Dr. Ettinghausen lectured at Artu Qub of 

Washmglon, Waabington, B, C.^ on 
“Biblical Subjects Seen through Peroian 
Ey*a.^' (lUtistratcd.) Attendnneo, Sd. 
---Dr. Ettinghausen lectured at the Annual 


Meeting of the Collego Art AssoemtiOD, 
Oriental SectioUt In ^Itimono, Md., on 
‘"A Near Eastern Motif in Par Eastern 
Garb." (riliistrated} Attendanea, 60. 

Feb. ---Mr., Acker lectured at the Skn lustitut* of 

America, 124 East 65th Street, New York, 
N* Y.p on ^'Tho ITOryUji Wall Falntmgs 
Recently Dt-slrayed by PLre,*'^ (iJJus- 
trated by slides beJouging to the Inatiiule.) 
Attondanoe, 3<l- 

Feb. 14--- —Dr* Ettioghsusem lectured at the Oriental 

Club of Prinecton UiiivEreity, Piinectonp 
K- J,, on ■VSymbolB and Religious Themea 
in Moalem Art.*^ (Illustrated.) Attend¬ 
ance, 75. 
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Apr. 0 . 


Mr, Pope lectured At the Annual MoeUng of 
Uio Far E^item Adwlatton (Seotjon cm 
Cblca: Art and Ar< 3 haeology> on "'Toeh- 
nical Notes on Shang WMto PolteiTi'* 
{lUuelrated,} Atteudancep 40 . 


Member of tho staff traveled outside of Washington for professional 


purposes as 

ms 

July - 

Aug. 25 - 30 ^.-- 


Dr. Ettlngbausefi iu CmeiunAti, examiniNJ ^bjeelA at 
CmciniaAtt Art Museum. 

Air. Stubbs In GhIcagOp attcndod uoaveiUlon of the Plao- 
tograpbei^ AEanciation of Aju^jitIce. 


ms 

Jm. 

Jan. 27 -w,---------- 


Jan. 2 S_—- 

Fob. 13-13..——- 

Feb. - 

Alar. Sl^Apr, K...-- 


Apr, — 


May 2 fh 2 l 


June 20 


Mr, Pope in New York, oiamined pbiects belonging to 
museuma and dealeffi* 

Mr. Wonky, Mf- Pope, Dr, Ettingbausen, and Mr. Aoker 
In Baltimore, attended tbe Oriontal Section of tbc 
Annual Meeting of tbe College Art Asaoclatlon. Mr. 
Fopo flervcd as eiiolrmaii of tliis section and Dr. Etting^ 
bauson was imiong those reading papers. 

Air. Popo and Dr. Etlingbausea in Baltimore for sfieond 
day of above meetings 

Mr. Wenloy in Now York, oiamine^i objects bolonging to 
museums and doalora. 

Dr. Ettinghausen In New York, escamJEicd objects belong¬ 
ing to niuseums and deal-era. 

Air. Weuloy in Ann Arbor^ coiaferred with offioials of the 
UnirerMty of Michigan Jn regard to cooperation with 
the Unlvorwity lu ile Oriental program. 

Mr. Pope in New Havon, attended tbe ioint Annual 
Meeting of the American Oriental Society and tbo Far 
Eastern jVisMcUtion^ rcArl a paper at one session of the 
FEA meeting. In Aleliden, Conn., vkited tbe Meriden 
Gravure Company to observe nietbcKia of collotype and 
ofeet printing. In New A'^ork, esamlne^l objEeU 
belonging to deakrsn 

Air. Popo in attended preliminary dinner and 

organisation meellngB of the Far Eastern Cermnie 
Group and was elected firet president of tbo Greup. 
E:(aTiilnDd objects belonging to n^uaeums, private 
collectors, and dcalors. 

Dr. Ettingbausen !□ Ann Arbor, Alleh., began teaehirtg in 
UnlverBity of Michigan Biitniner session; one irourre on 
^'Fer^ftTi Art/' one course on "Forsinn Painting."' 
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^ONOBABT DUTIES 

During the yesr^ merobera of the staff uadertuok bonoraiy duties 
outside the Institution as follows: 

Mr, Wenley: Appointed to the committee of expert oxAminets for the SmithQoidaD 
Institution hy the Civil Sen'Ieo Commission. 

Appointed to on the nominatiii^ coimiiittee of the Far Eaatem 

As^ociAtlon. 

Appointed as Honorary Guratap of Orientnl Art^ Bepartment of 
Pine Arta, University of Michigan. 

Appointed to serve ae a member of the vis!ting committee of 
Dumbarton Oak^ Research Library and CoUcctloii, 

Mr. Pope: Elected Prudent of the Far Eaatepu Ceramio Group. 

Respectfully submitted. 

A. G. ^Venley, Director. 

Dr. A. Wetiiohe, 

Sicrelary, Stmth&onian 
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APPENDIX 5 

REPORT ON THE BUREAU OF AAIERICAN ETHNOLOGY 

Sir: I have the honor to submit the following Report on the Bold 
researcUea, office work, and other operations of the Bureau of AmKican 
Ethnology during the fiscal year ended June 30, 1949, ^ 

accordance with the Act of Congress of June 27,1944, which piuvid^ 
«* * • for continuing ethnological researches among the ^en- 

can Indians and the natives of Hawaii and the wcavation and pres¬ 
ervation of archeologic remains. * * 

SYSTEMATIC Hh^EAHCU^ 

At the end of December Dr. M. W. Stirling, Director of the Bur^u, 
left to continue the cooperative program of arcbeologi^ work in 
Pananifi of tho NaUomd Gcograpyc Society and the Smithsonian 
Institution. Excavations were conducted at Utivd m 
Panamd at Bairiles and Palo Santo in the province of Chiriquf, and 
aUhree'sites midway between Santiago and Sonfi in 
Veraguaa. At Utivfi and Barriles heretofore undraenbed 
InltiSs were encountered, while at tho other sites much now informa- 

expedition received aploodid cooperation from Map Gem WOhs Hale, 
(Xmanding general of the air forces of the Canbbeon area, who, m 
.1 IStinrt t.n other assistanco, allowed the use of two helicopters fo 

arc. Dr. Stiritag rot.„.^ 

to Wasliington with the Panamaman coUcclions m the middle of 

Frank H. H. Roberts, Jr., Associate Director of the Bureau 
j n" ra t/ir nf the River Basin SurreyB, devoted the greater part of 
and Ditcl _ direction and administration of 

time ^ ^ On November 4 and 5, Dr. Roberta 

^«rtha meetings ^of the American Philoaopliical ^ciety at 

PhUadelphia where he presented a paper on the River Bosm S^eys 
Fluladelpma^ w^^eaiber 22 to 30, Dr. Roberta was at Lmwln, 

^^am. _ lieadquarters for the Missouri Basin project. 

Nobr., ^ j Jart in the SLxth Oonfereoce for Piains 

Whdo at ^ ,te symposia. During the year 

^ed os a member of the executive committee for the Dm- 
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Bion of Anthropology and Psychology, Natioaal Research Council. 
Dr, Roberta’ report of the work of the Rivor Basin Surveys (luiiDg 
the fiscal year appears in another section of this report. 

Dr, John P. Harrington, etlmologist, continued the revision of Lis 
gram to ar of the Maya language. Study of sources and the vast 
literature on the subject shows that there were 10 linguistic stocks in 
southern Mexico and Central America that had Maya-style hiero¬ 
glyphic writing. The work also included rovlsion of a previous paper 
on Maya hieroglyphs. 

A study incident to this Maya work was the determination of the 
origin of tho word “Maya.” This word appears first in the letter written 
by Bartholomew Columbus in 1506 telling of the fourth voyage of 
Columbus. The letter employs the spelling “Muyatn" which is 
cleorly derived from the native Maya name for VucatSn, Mayab. 

During the winter a paper was prepared on the names "Tiwa” and 
“Tewa,” designations of two languages in New Mexico, Early in the 
spring Dr. Harrington prepared a scries of six maps of America ahoiv- 
tug the meanings of State, pro^unce, and country names. 

On April 14 Dr. IlarringtoD left Washington for Old Town, Maine, 
to pursue ethnological and linguistic studies on the Abnaki Indians 
He was engaged in this project at the end of tho fiscal year. 

Dr. Henry B. Collins left Washington in Juno for the Arctic, having 
been invited by the Canadian Government to conduct archeological 
excavations with the assistance of Coliti Thacker of the National 
Museum of Canada at Frobisher Bay on Daffm Island, where Charles 
Francis Hall in 1E6S had reported ancient Eskimo house ruins and 
where a large group of Eskimo now five. The Eskimo ruins were 
found—buried remains of senusubtcrranean housi^ mudc of si ones, 
whale bones, and turf. Excavation showed that the silo had been 
occupied successively by Eskimo of both tho prehistoric Doract and 
Thule cultures. Comparison with other prehistoric Eskimo sites 
indicated that tho Dorset phase represented is one of the earliest of 
Uiat culture known. Tho Thule phase, which followed tho Dorset, is 
likewise early, showing dose affinities with northern Alaska, its place 
of origin. In addition to tho archeological work, measurements were 
obtained and photographs taken of SO adult Eskimo—dO males and 
40 females—at Frobisher Bay. This was tho first anthropometric 
study to be made of the prsent-day Baffin Island Eskimo. 

In Washington Dr. Coffins continued os anthropological advisor for 
the Encyclopaedia Arctico, which Dr. Viffijalmur Stefansson is pre¬ 
paring for the Office of Naval Research. Dr. Collins’ terra of office as 
Chairman of Board of Governors of the Arctic Institute of North 
,^erica terminated at the end of the calendar year 1948, bnt he con¬ 
tinued os chairman of the directing committee for tho Instilute'a 
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Bibliography of Arctic Literaturs and Kostor of Arctic Specialists. 
Id continuation of the archeological program begun in 1948 Dr. 
Collins left Washington in May to conduct cxcaTalions at Resolute 
Bay, Cornwallis Island, N, W. T., under the joint auspices of the 
Smithsonian Institution and the National Museum of Canada. 

From July 1 to September 10 Dr. Fenton was engaged m field work 
among the Seneca Indians of western New York on a grant from the 
Viking Fund of New York City. Working at Quaker Bridge on Al¬ 
legany Indian RcserTation, be obtained a life history of an aged Seneca 
named Chauncey Johnny John with whom Dr, Fenton has worked 
since 1938. Especially fine materials were collected on social organi¬ 
sation, kinship, and ago grades. Twelve reels of recordings were 
made which included the entire ritual of the Seneca Dark Dance, the 
opening address and several long prayers belongitjg to the Green Corn 
Festival, the entire Women’s Rite of Thanksgiving to the cultivated 
crops, and an origin legend for the False-face Society in Seneca and 
in English, 

The Fourth Conferenco on Doquois Research, under the direction 
of Dr, Fenton, met at Rod House, N. Y., October 8-10, to review out¬ 
standing accomplishments in Iroquoian studies in the fields of lin¬ 
guistics, ethnology, and archeology. The Proceedings of the Con¬ 
ference, edited by Dr. Fenton, were issued in mimeograpb form by the 
Smithsonian Institution. 

The project of collecting materials for a political history of the Six 
Nations was reported in a general paper to the American Philosophical 
Society on November 4. The same roaeaich led to examining the 
Kirkland Papers in Hamilton College Library, and on December 1 
Dr. Fenton addressed the College on its founder: “Samuel Kirkland: 
Observer, Negotiator, and Educator.” A lecture was given to the 
Anthropology Club of Syracuse University, and manuscripts were 
examined in local libraries. Work continued in the manuscript col¬ 
lections of the New York Historical Society and at the Now York 
Public Library. Tbe Massaebusetts Archives in the State House, 
the Essex Institute in Salem, and the Peabody Museum of Salem were 
viailcd in Jnnuoiy. Three rcHa of the Pickexing Papers wene com¬ 
pleted and filed. Arrangements were made with Dr. C. M. Barbeau 
of the National Museum of Canada for obtaining microfilm of docu¬ 
ments in Canadian libraries for the American Philosophical Society 

^'oSig the year Dr, Fenton served as a member of the Language 
Panel of the United States National Commission for UNESCO; he 
represented the Smithsonian at meetings of the Policy Board of the 
United States National Indian Institute, and in subsequent conferences 
at the State DeparUuent towardja Second Inter-American Confer- 
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ence on Indian Life, for which ha prepared a paper. He served as 
President of the Anthropological Society of Washington. 

Or. Fenton published several papera on antliropologica] subjects in 
various journals during the year. 

Tho research activities of Or. Gordon R. Willey, anthropologist, 
during the year were confined principally to study of data and mate¬ 
rials previously obtained in the field. They included the final prepa¬ 
ration of a monograph, "Archeology of the Florida Gulf Coast," a 
culmination of studios begun by the Bureau of American Ethnolt^ 
as early as 1923, with Or, Willey engaged on the project since 1940. 
The war and other duties interrupted the completion of the manuscript, 
but it is now in proccaa of publication by tho Smithsonian. Eight 
other manuscripts by Dr. Willey are in press or awaiting publication, 
and four additional manuscripts are in prcpBralion: “Ancon-Supe: 
Formative Period Sites of Central Perd” (with J. M. Corbett and 
L. M. O’Neale); "nueri, an Important Site in the Central Peruvian 
Highlands" (with D, Collier and J. H, Rowo); "Prehistoric Settle¬ 
ment Patterns in the Vird Valley, Peril," and "Archaeological Explora¬ 
tions in tho Parita Zone, Fanamd." 

Dr. Willey served in a consultative capacity for the period of final 
editing of volumes 5 and 6 of the Handbook of South American Indi¬ 
ans (Bureau Bulletin 143) and also assisted with certain administrative 
matters concerned the SmJtlisonian River Basin Surveys. 

Dr, Wiliey participated in a series of round-table disciissiorts under 
tho leadership of Dr. A, Ij, Kroebor during tho months October 
through February. These mcctinga, held at Columbia University, 
New York, were concerned with general discussions of anthropological 
method and theory. Throughout the year be served as assistant 
editor for the Handbook of Latin American Studies of the Library of 
Congress Hispamc Foundation. He also served as assistant editor of 
the journal American Antiquity, with reference to the South American 
area. 

From March through May Dr. Willey served as Smithsonian repre- 
eentativo at several committee meetings of the State Department 
Committee for Scientific and Cultural Cooperation, and at an open 
meeting of tho Caribbean Commission. 

SfECIAL nitSE ARCHES 

Miss Frances Densmore, collaborator of the Bureau, submitted to 
the Bureau a manuscript entitled "Musical Customs of the Indians of 
the Farank Delta and La Plata littoral and tho Gran Chaco." 

IKSTITUTU OP SOCIAL AN'TItnOPOI.OOT 

The Institute of Social Anthropology was created in 1043 aa an 
autonomous unit of the Bureau of American Ethnology to carry out 
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coopemtiva training in anthropological taacbiog and research mtli 
the other American republics. During the past year it was financed 
by traiuifera from the Department of State totaling S67,0OO from the 
appropriation ''Cooperation with the American Republics, 1949." 
Long-range planning for the Institute became mcreasingly difficult 
during the year because of threatened budget reductions for tlie fiscal 
year of 1950. Otherffise, the Institute continued to function much 
as in previous years, and good work was done by all staff members. 
Principal activirios were as follow; 

Washingtaa ojjiee.—Dr. George M. Foster, Director of the Institute 
of Social Anthropology, made a S-weeks trip to Spain in November 
194S to investigate tho pgealbility of ethnographical field work in that 
eountiy, with a view to throwing additional light on the development 
of the con temporary cultures of Hbpanic America. In March 1949 
Dr. Foster made a second trip to Spain, serving aa Smithsonian 
Institution delegate at the centennial celebration of the Royal 
Academy of Natural, Exact, and Physical Sciences of ^^adfid. Dr, 
Gordon R. Willey assumed dLroction of the Institute of Social Anthro¬ 
pology during Dr, Foster's absence. 

Upon the recommendation of the Director a grant-in-aid was ex¬ 
tended by tho Department of State to bring Dr. Luis Duque Gdmez, 
Director of the Institute Etnolfigioo y Servicio dc Arqueologfa of 
Bogota, Colombia, to the United States for a S-nionths period, Oc¬ 
tober 1948 to January 1949. An itmcraiy was arranged by Dr. 
Foster whereby Dr. Duquo was able to visit the larger universitjes and 
anthropologicol centers in the United States both m the East and in 
the West, Also upon the recomincndation of the Director, a like 
invitation was extended to Dr. Josfi Crusent, Director of the Muaeo de 
Cicucioa Naturalea in Caracas, Venezuela. Dr. Cruxenb is expected 
to arrive in the United States in August 1049. 

Rrarif.—Drs. Donald Kerson, sociologist, and Kalervo Oberg, social 
anthropologist, continued to give courses at the Escola Livre do 
Sociologla e Folltica in Sao Paulo, Brazil. Dr. Pieram, assisted by 
students from tho school, oompletwl field work in the cciixr/e com¬ 
munity of "A Vila" near Sao Poulo, and completed a manuscript 
doacribing this work. Dr, Pierson also served as official observer of 
tho United States Government at tho UNESCO Confcrenco held in 
Montevideo, Uruguay, September 6-10, 1948, to oonaidw ways and 
means of Etimidnting the development of science m Latin America. 
Ho was brought to the United States at the end of Juno 1949, for con¬ 
sultation on future plans for work in Brazil. Dr. Oberg spent July 
and part of August 194S in field work among the Indians of the 
headwaters of the Xingu River. In June 1949 he left on a 3-mont^ 
trip to the Paressf and Nambiquara groups, northwest of Cujab& in 
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Mato Grosso. On both of these trips he wae accompamod by students 
from the Escola Livre. 

Cohmbia. —Dr. John H. Hotre returned to tho United States from 
Popay&n, Colombia, in September to accept n permanent position at 
the University of CaUfornia. Dr. Raymond E. Crist, prof^or of 
geography at the University of Maryland, ^vas employed in February 
1949 on a temporary basis to replace Dr. Rowe. In the short time 
Dr, Crist has been in Popayfin he has given courses and lectures in the 
Universidad del Cauca, dealing with Iberian culture and its dissemina¬ 
tion in the New World, and with geographic methods and theories. 
He has made several short field trips to small communities near 
Popayiti, and has been host to the American Ambassador, Willard L. 
Beaulac, who, with his private party, flew from Bogota for thei e^xpress 
purpose of becoming acquainted with the work of the Institute in 
Popaydn. 

3/^jnco.—^Dr. Isabel Kelly, social anthropologist, continued to repre¬ 
sent the Institute at the Escuola Nacional do Antropoiogfa in iicxico 
City, giving anthropology courses and guiding independent research 
of students. A part of the spring of 1949 again was spent in the 
Totonacarea, where final field notes on this group were taken, prepara¬ 
tory to writing a monograph describing the results of three seasons of 
work. Dr. Stanley Newman, linguist, resigned from the Institute 
in February 1940, to accept a position at the University of New 
Mexico. Up to this time be continued bis teaching schedule at tho 
Escucla. His research included investigations of the Otomi and 
Kahuatl Indian languages, and participation in the literacy campaign 
of the Mexican Government. A significant paper on the Otomi 
language was completed, and a major monograph on Nahuatl was 
nndert^on, 

Perd.—Dr. Allan Holmberg resigned from the Institute in August 
1948 to accept a permanent position at Corndl University. He was 
immediately replaced by Dr, George Kublcr, of Yale University, who 
arrived in Lima early in September. Dr, Kubler continued teaching 
projects in tho Instituto de Estudios Etnoldgicos, and also gave a 
course in the University of San Marcos. He devoted much atten¬ 
tion to the social history of the colonial period in Peril, with particular 
emphasis on demography, and shifts in populations during tliis period. 
This work will to a considerable extent close tho gap between tho 
data of archeological studies in the Vird Valley in north Peru, made 
by Smithsonian and other scientists, and the contemporary studies 
made by Dr. Holmberg and teachers and students of the Institute 
do Estudios Etnoldgicos, thus completing one of the longest sequences 
of culture history known from any part of the world. Dr. Kubler 
made a brief frip in March 1949 to Bogotd and Popaydn, to investigate 
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dooumenta in the Colombian capital dealing with demographic more- 
menta on the west coast of South America in colonial times, and to 
consult with Df. Crist on Institute of Social Antliropology matters- 
In June 1049 he scrTed as Adviser to the American Delegation at the 
Third Annual Intetamericnn Indian Congress, held in Cuzco. 

Ptifiiica/ions.—Institute of Social Anthropology Publications Noa. 
8 and 9 appeared during the year and Noa. 10, 11, and 12 were in 
press. These are listed with the publications of the Bureau of Ameri¬ 
can Ethnology. 

ntVER BASIN fltmvnYs 

The River Basin Surveys, organized in 1046 aa a unit of the Bureau 
of American Ethnology to carry into effect a memorandum of under¬ 
standing between the Smilhsooian Institution and the National 
Park Service providing for the salvage of archeological and paleon¬ 
tological materials that will be lost os a result of the nation-wide 
program for flood control, irrigation, hydroelectric, and navigation 
projects sponsored by the Federal Govemmeat, continued its opora- 
liona during the year. As in the past, the investigatiotia were con¬ 
ducted in cooperation with the National Park Service and the Bureau 
of Eeclamalion of the Department of the Interior, the Corps of 
Engineers, Department of the Army, and a number of nongovern¬ 
mental local matitiitions. Tbe work was financed by the transfer of 
$145,400 ($20,000 of which was appropriated in the 2d Deficiency 
Act and did not become available for actual use until the heginning 
of fiscal 1050) to the Smithsonian Institution by tbe National Park 
Service. Tbe money comprising theso funds was derived in part 
from the Bureau of Reclamation aud in part from the National Park 
Service, 

Activities In the field consisted mainly of reconnaissance or surveys 
for the purpose of locating sites that will ho involved in construction 
work or are so situaterl that eventually they will be inundated. There 
was a limited testing of sites to determine their nature and extent, 
gi 2 ch was deemed essential, and at soven locations extended 
excavation or mieiisive testii^ was carried on. The surveys covered 
67 reaervoif areas scattered throughout 8 river basins and 14 States. 
At tho end of the year the total of the reservoir areas aurvoyed or 
where some digging has been done since the start of tho program in 
July 1946 had reached 154 located in 21 States. During the course 
of tbe work 2,107 archeological sites have been recorded, and of that 
number 450 have been recommended for excavation or further testing. 
Thus far preliminary appraisal reports have been fmished for all the 
reservoirs, and 07 have been mimeographed for distribution to the 
cooperating agencies. Where several reservoirs form a unit in a single 
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draiDage aubbomn the infomtaiioD on all is induded in a single report, 
so that the 07 mimeographed pamphlets contain information on some 
130 of the rEffierroir projects. In addition to the aroheological papers, 
one eomprehensive report on tbe paleontological problems in the 
Missouri Resin was also Issued. More detailed technical reports 
eompLoted for a number of projects have appeared in scientific journals 
or are awaiting publication. 

The distribution by States of all the reservoirs investigated, as of 
the close of the fiscal ycar^ is as follows: California, 16; Colorado, 23; 
Georgia, 2; IdabOt 9; Illinois, 2; Iowa, 3; Kansas, 6; Mianesota, 1; 
Montana, 0; Nebraska, 15; New Mexico, I; North Dakota, 13; 
Oklahoma, 5; Oregon, 12; South Dakota, 9; Tennessee, 1; Texas, 
10; Virginia, 1; Washington, 9; West Virginia, 2; Wyoming, S* Exca¬ 
vations completed during the year were: Colorado, 1; Nebraska, 1; 
North Dakota, 1; Oklahoma, 1; Oregon^ 1; Washington, I* In a 
number of eases the digging was started in the provions fiscal year 
and continued over into fiscal 1949. Other States where excavations 
were made in prior years are: Kansas, 1; New Mexico, 1; Texas, 1; 
and Wyoming, 1. 

As has been the case smee tho start of the River Basin Surveyis 
program, staff men in the field received fuU cooperation from repre¬ 
sentatives of the National Park Service, the Bureau of Kcclamation, 
tho Corps of Engineers, and various State agencies^ Temporary 
office aud laboratory space ivas provided at sc mo of the projects, 
transportation and guides were furnished at others, and In acveral 
instances labor and mechanical equipment made available by the 
construction agency materially increased excavation operations. 
Had it not been for this a^Istanco it would not bavo been possible to 
accomplish all that was done during the year. Tbe National Pork 
Service was primarily responsible for obtaining the funds which sup¬ 
ported the program and continued to serve as the liaison between the 
Smithsonian Institution and the other governmental agencies, both 
in Washington and through Its several regional offices. The untirlag 
efforts of Park Service pcraonnel played a large part in furthering the 
progress of the program os a whole. 

The main office m Washington had general direction and super¬ 
vision over the work in Oklahoma, Texas, Minnesota, North Dakota 
(in the drainage of the lied River of the North)^ Iowa, Illinois, Colo¬ 
rado (oulside of the Missouri Basin), and California. In the Missouri 
Basin, direction of the program was from a field headquarters at Lin¬ 
coln, Nebr., where all the materials collected by the survey and exca¬ 
vation parties wore also procei^ed. Activities in the Columbia Basin 
were supervised from a field offico located at Eugene, Oreg, 

—Throughout the fiscal year the main head^- 
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quartcra of the River Basin Surveys continued under tho direction of 
Dr. Frank H. H, Roberta, Jr. Carl F. Miller, Josepli R. Caldwell, 
and Ralph S, Solecki, arcbcologists, were based on that office, although 
Caldwell and Solecki did not work full time for the Surveya. 

Richani P, Wheeler waa appointed archeologist on tho staff on 
August 27, and from that date until May lb functioned under the 
direction of the Washington office, although all his work "wiis done in 
the field. On May 10 be was transferred to the Missouri Basin 
and from then until the close of the year was based on tho Ijincoln 
headquarters. 

Mr, Miller spent most of the year in the office preparing reports 
based upon material gathered in the field during tho previous year, 
and assisting the Director in revievring tho literature pertaining to 
archeological matufcatalions occurring in areas where additional reser¬ 
voir projects aro proposed. His ‘'Appraisal of the Archeological 
Resources of the Clark Hill Reservoir Area, South Carolina and Geor¬ 
gia” was completed and mimeographed for distribution in December. 
Another article, "Early Cultural Manifestatioufl Exposed by the 
Archeological Survey of the Buggs Island Reservoir in Southern 
Virginia and Northern North Carolina," was published in the Journal 
of the Washington Academy of Sciences, vol. 38, No. 2, December 

1948. A paper based on information obtained during the survey of 
tho Clark Hill Reservoir, "Tho liako Spri^ Site, Columbia County, 
Georgia,” was to appear in American Antiquity, vol. 15, No. 1, July 

1949. ^veral others have been accepted for publication elsewhere. 
Mr. Miller made two trips to Clarksville, Va., in the late winter and 
early spring, the first for the purpose of investigating unauthorized 
pot-huriting activities in tho Buggs Island Reservoir area, and the 
second to speak before the Archoological Society of Virginia on the 
problems of the Bugga Island archeological program, He also went 
to Richmond, Va,, where he spent 3 days nt the Valentine Muaeum 
e; 3 iamiaiDg manuscripts and other documentary materials pertaining 
to early explorations and a urvejs in Virginia, northern North Carolina, 
and eastern West Virgitda in an effort to obtain further data bearing 
On the aboriginal histot^ of tho Buggs Islaud area. 

In July and early August Mr. Caldwell collaborated with Mr. Miller 
in working over the materials collected during the Clark Hill Reservoir 
survey. During that period he prepared a paper, "The Remhort 
Mounds, Elbert County, Georgia,” based on now itilormation obtained 
At Clark Hill. Another article, " Palachacolas Town, Hampton 
County, South CAfolina," w'as printed in the Journal of the Washmgtoii 
Academy of Sciciicea, vol. 38, No. 10, October la, 1048. Ou August 
19 Mr. Caldwell joined Dr. Robert E. Bell, of tho University of Okla¬ 
homa, at Wagoner, Okla., and began tho excavation of a large mound 
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at the Norman Site in tha Fort Gibson Reservoir basin, TUat work 
continued until September 22, Mr* Caldwell returned to Washington 
on September 25 and on October 3 was granted leaTe of absence to 
join an expedition of the Universities of Chicago and Pennsylvania In 
Iraq and Iran. He returned to duty on the staff of the River Basin 
Surveys June 26, 1Q49, and began work on materielE from the Alla- 
toona Reservoir basin in Georgia, 

Ralph S. Solecki devoted iJio summer and fall months to the prepara¬ 
tion of reports on his work at the Bluestoneaud West Fork projects iTi 
West Virginia. The Blues tone paper was mimoograpfaed an d dis¬ 
tributed in December and that for tho West Pork in March. Mr, 
Solecki also prepared a detailed article^ ''An Arcbeologko] Survey of 
Two River Basins in West Virginia," which was published in West 
Virghua Histoi^*, vol. 10, Nos. 3 and 4. In December ho was tempo¬ 
rarily transferred to tho regular staff of tho Bureau of American 
Ethnology and was sent to Natrium^ W. Va.^ to excavate a mound on 
the property of the Pittsburgh Plato Glass Co. The latter organisa¬ 
tion planned to level the mound to make room for new buildings and 
in order that nothing ol value might bo destroyed made arrangements 
with the Bureau to have it done properly, providing the necessary 
labor for the project. Mr* Solecki returned to the River Basin Sur¬ 
veys on January 12. Ip following months he continued to work on 
the material from West ViigluJa and on May S was Iransferred to tho 
Smithsonian Inst it ut ion staff so that ho could acoompauj a party of 
the United States Geological Survey to Alaska for an archeological 
reconnaissance along the upper Kukpowuk and Kokolik Rivers in 
northern Alaska, At the close ol the hseal year he reported having 
located some 50 late Eskimo sites* 

Ca/t/t>m£o .“^Ittvostigations in California were not as extensive as in 
previous years and were limited to three reservoir projects. In 
October David A* Frcderickson and Albert Mohr^ field assistants of 
the River Basin Surveys^ working under tho general supervision of 
Francis A* Riddclk oasis Lant archeologist of the California Archeologi¬ 
cal Survey, University of Califoruia, and in cooperation with the latter 
Ofgaui^atiou^ examined the areas to be flooded by the Black Buttcp 
Farmington( and Now Melones Reservoirs, oil Corps of Eugincers 
projects. 

The Black Butte Dam is to bo built in Stony Creek* and the baain 
it will flood liess in Glenn and Tehama Counties, a region fonuerly 
occupied by tho Wintun^ The survey located 26 sites in Ibo area and 
it is believed that excavations in a number of them would provide a 
reasonably accurate and balanced picture of the material culture of tho 
Ixidiaris who lived there. 

Tho Farmington Dam ia planned for Littlejohn Creek, and the 
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reservoir formed bj it wU inuDdate areas in both San Joaquin and 
Stanislaus Counties. It would seem that in aboriginal times that 
section was more suitable for occupation than it has been in recent 
years because 34 sites were found there. Most of them are of the 
surface variety, indicatinf seasonal occupation, but soma have eultural 
dcposita witherlifacta, hone, and siieU occurring in some abundance. 
All tbe artifacts are alike, both in types and ruatcrialj and are of 
particular interest because they consist in the main of crude core tools, 
cores, and flake tools, with only a few blade fragments and no arrow¬ 
heads. The material from which they were made occurs in the local 
stream beds in the form of cobbles. Excavations in a number of the 
sites are recommenried for the purpose of obtaining information both 
as to their probable position in the chronological sequence of the area 
and as to their relationships. 

The New Meloncs Reservoir ivill fdi a deep and narrow valley 
formed by the Stanislaus River in Calaveras and Tuolunme Counties. 
The area is one in which there was considerable mining activity at 
one time, and there is an existing reservoir which has modified the 
surface of the ground to some degree. Consequently only four sites 
were noted, despite the fact that the Northern Miwok once Inliabited 
the region, and no further archeological activities were recommended. 

Chferndo—Because of the physiographic character of the area in¬ 
cluded within tbe political boundaries of Colorado the numerous 
projects there occur within tbe limits of severe! drainage systems. 
Consequently some of the archeological invesligatiotis have been 
conducted as a part of the Missouri Basin program, while others 
have been carried on as separate units of the Surveys as a whole. 
Only the latter are discussed in this section of the report. 

At the start of the fiscal year Donald Eastman and Gary L, Tundt, 
field assistauts, were continuing reconnaissance of the area involved 
in tho Taylor Lake Enlargement of the Gunniaon-Arkansas project. 
They completed this work on July 7, after having located only two 
sites that will bo covercfd by the waters of the larger lake resulting 
from the construction of a new dam.^ Tbe sites apparently were 
former camps and only surface material was present. The latter, 
however, is crude in character and auggoats a much earher cultural 
horizon than that of the late nomads. Neither of the sites showed 
Rufficient depth to warrant excavation, and no further work is ^om- 
mended for that project. From Taylor Lake, Eastman and lundt 
proceeded to the Cimarron Damsite located on the Gunnison River 
just below the confluence of the latter and the Cimarron. The area 
to bo flooded by this project had previou^y ^en survey^ m part 
bv the Cbipeta Chapter of the Colorado Archeological Society, 
Montrose, which made it possible for the Survey men to complete 
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thoir work by Jtily IT. All Lbe sil*a located * eight in number, indi¬ 
cate that they were campmg places, and the surface materials col¬ 
lected from are typical of the late nomadic Indians of the 

re^on* Similar siu® are sbundant outside of the basin of the pro¬ 
posed reservoir, hence no further investigations are needed there. 
Eastman and Yundt returned to Gunnison, Colo., from tho Cimarron 
project and, having completed their repoFtep resigned from the River 
Basin Surveys on July 23. During the course of their mvestigationa 
they worked under the general direction and supervision of Dr. C. T. 
Hurst of Western State College, GunniaoUp who had cooperated with 
the River Basin Surveys on a □umber of previous aurveys. 

Arnold M. Withers, archeologist, completed reconnaissancB of nine 
proposed reservoir areas in the Blue-South Platte project, which he 
had started toward the end of the previous year, and examined six of 
those in the Gunmson-Arkansas project east of the Rocky lioiintaina. 
All the proposed reservoirs of the Blue-South Platte project, Two 
Forks, Shawnee, Blue, Snake, Temnile, Ruodi, Fando, Piney, and 
Empire, are located in the high mountain valleys of the Colorado 
Rockies at altitudes ranging from 8,000 to 10,000 feet above sea level. 
They ^-ill be situated in Douglas, Park, Summit, Eagle, Pitkirij and 
Clear Creek Counties. Only six definite archeological sites were 
found in the nine reservoir aroas^ although further surveys are recom¬ 
mended for the Snake and the upper part of the Two Forks, and they 
appear to have been temporary camps occupied by a people engaged 
in hunting and gathering wild food products. At none of them are 
the deposits of aufltcient depth to wairaJit excavation. The materials 
collected from the surface euggest that tlic sites are prehistoric, al¬ 
though they have no great ago, arid that they probably are attributable 
to Ute Indians. 

The eSx proposed reservoirs of the Gunnison-Arkansas project, the 
Granoroa, Cedarwood, Ben Butter, Pueblo, lUgbee or Purgatoiro, and 
IIorBO Creek, ore m the broken country of the High Plains along the 
Arkansas or its tributaries in Pueblo, Huerfano, Otero, and Bent 
Counties, Colo* The rapid survey of the area by Withers produced 
a total of only 13 sites for the project. They consist of rock shelters 
and open camps. At a number of the latter, tipi rings were noted. 
Although the smaU number of sites indicates that the area was sparsely 
populated, the character of the materials collected from them suggests 
that a long period of time is ropresented. TE^iing is recommended 
for some of the rock sheltem and two of the stcnc-cirdo sites^ but none 
appears to be worthy of complete excavation. A more intensive in¬ 
vestigation of the Pueblo and Puigatoirc reservoir boaius is indicated 
if tie projects are authorized and construction work is started- 
Withers completed his work and left the Surveys on August 14. 
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During ths JnTestigatioiis he was provided with a base of operations 
by the UniverMty of Donvor, 

Preliminary reconnaiBsanoe of the eight reservoirs Incliided in the 
Colorado-Big Thompson project by the University of Colorado was 
completed in the autiimn of 1947. In accordance with recommenda¬ 
tions made at that time, tlic River Basin Surveys arranged for a more 
intensive survey and the testing of some sites in the Granby Reservoir 
on the Colorado River in Grand County. That work was carri^ out 
during August and September by Robert F. Burgh, fieJd assistant, 
who was on leave of absence from the University of Colorado Museum, 
aided by William Woodard and Byron W. Houseknecht, student 
assistants. Only four sites were located in the area to be flooded, and 
two of those showed only surface traces of stone chips and a fev." im- 
pJoments. Another consisted of stone circles, presumably tipi rings, 
but yielded no ertifaols. The fourth was a camp silo located on tJic 
west side of the basin on a terrace adiacent to Stillwater Creek. 
Trenching of the site pro<luced a variety of cultural remains consisting 
of hearths, potsherds, stone projectile points, stone scrapers, manos, 
motatc fragments, and animal bones. No traces of bouse remains 
were found, and the occurrence of fireplaces at varying dcptlis below 
the surface suggests that there were repeater! but casual occupations 
of tho terrace during successive seasons without any permanent habi- 
Ution. Potsherds from the site w’ere of two kinds, cord-marked and 
corrugated. The cord-marked is from a cooking ware of Woodland 
tvpe, w'bilo the comigated undoubtedly came from the Northern 
Periphery of the Southwest. The pottery indicates that the site 
probably dates between A. D, 000 and 1300. Tho bulk of the material 
obtained there shows that the afEIialions were cicely with the pre¬ 
historic Plains cultures, pariieulaily those responsible for the camp 
Bjlea along the loothills in northeastern Colorado. 

Conclusions, hosed on tho results of the work in tliat area, are that 
no further investigations are warranted in the Colorado-Big Thomp¬ 
son project unless construction operations accidentally uncover uq- 
suspected remains. West of tho Continontal Dirido there ^o no 
Bitea as good os the ono OMrained in the Granby Reservoir, while e^l 
of it there are numerous examples outside the reservoir basins which 
not only appear to have the same cultural ideutity as those within 

them but to offer greater promise. 

Colvjnlna Rosin.— Work in tho Columbia Basin was based on the 
field headquarters at Eugene, Oreg., where office and laboratory space 
was provided by tho University of Oregon. Dr. Philip Drucker, on 
detail from tho Bureau of American Ethnology, continued to direct 
the program untU October 1 when he rotumed to Washing Ion and his 
regular duties prior to being granted miUtary leave beginning October 
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22. After Dr, Drucker’s departuro from Eugene, Homer Douglas 
Osborne, archeologist, was appointed acting field director and placed 
in charge of the office there. He continued in that capacity through¬ 
out the rewaindcsT of the year. 

^From July to early September, two parties consisting of two men 
each, were engaged in the investigation of reservoir areas in the 
Columbia Basin. During that time they explored 15 reservoir basins, 

6 of wfficb ore Corps of Engineers projects, and 9 of which are projects 
of the Bureau of Reclamation! ^Ihe Corps of Engineers projects in¬ 
clude the 4 navigotionol reservoirs on the lower Snake River in ash¬ 
ing ton, Ice Harbor, Lower Monumental, Little Goose, and Lower 
Granite. In addition Lucky Peak Reservoir basin in Idaho was 
examined, and the results of the survey of Chief Joseph (Foster Creek) 
Reservoir in cas^central Washington initiated some years ago by the 
University of Washington W'ore checked and the survey was com¬ 
pleted. The work done in Bureau of Reclamation reservoirs involved 
the examination of sites in the Deschutes project, Benham Falls and 
Princvillo Reservoirs, and checks of the proposed enlargement of 
Widdup and Crane Prairie Reservoirs. In addition a scries of small 
rescTTOus in eastern Oregon and coniral Idaho were surveyed. They 
were: Mason, Ryan Creek, and Bully Creek in northeastern Oregon; 
and Lost Valley Enlargement and Horae Flat Reservoirs in Idaho. 
Within the boundaries of those 15 reservoir basins a total of 128 
archcolo^cal sites were found and recorded. 

Excavation projects were carried out in the McNary Reservoir 
area, Oregon-Washinglon, aud in the O’Sullivan (Potholea) Reservoir, 
Wodungton. The work at McNary was a cooperative undertaking 
between the River Basin Surveys and the University of Oregon, while 
that at O'Sullivan was a joint venture between the Surveys and the 
University of Washington! 

Investigations at McNary were carried on from August 5 to Sep¬ 
tember 11 under the direction of Homer Douglas Osborne. The 
dicing was done by students from various west coast universities. 
Extensive tests were made in two sites on Berdan Island, Wash., 
which had been designated as a source of aggregate for dam construc- 
iion, and at an important one on the Oregon side of the river. In 
addition to previously unknown information about local Indian vil¬ 
lage aiid house patterns, the excavations produced 48 burials and 
1,870 artifacts. The skeletal material provides one of the largest 
series thus far available for study aud should throw considerable light 
on the physical characteristics and relationships of the people. The 
artifacts will give a good cross section of the material culture prevail¬ 
ing at the time of first contact with European influence. 

The O’Sullivan project was well under way at the start of the fiscal 
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vcw* anti contioucd until August 19. Richard D. Daugherty, arche^ 
ologist, was in charge of the party, which consisted of students from 
the University of Washington. The scene of opemtiona was a village 
site located on the ^ores of Moses Lake, an area which will be in- 
nudated when the dam is completed. Three house-pit depressions and 
the terrain Linmediately surrounding them wore carefully examined. 
Good data were obtained on the form and construction of the bouses, 
and the series of artifacts recovered during the digging will aid In 
determining the cultural status of the people. The absence of all 
European ohjecta indicBtes that tlia site antedates the period of 
exploration and early trading posts. The results at O'Sullivan, in 
general, indicate that more intensive work should bo done there. 

Special mention should be made of the excellent cooperation on the 
part of other governmental agencies. The National Pork Service, 
tlirough the Region Four office at San Francisco and the Columbia 
Basin Recreational Survey office at Portland furnished the Eugene 
office with current information on reservoir priorities, construction 
schedules, and field maps. Tho Bureau of Bedamalton, through the 
Region One office in Boise, Idaho, not only supplied maps of reservoir 
areas and information on their projects, but greatly facilitated tho 
archeological investigations by plachig vehiclca at the disposal of the 
survey parties. The Corps of Engineera, through the office of the 
Division Engineer, and also the Portland and Seattle District offices, 
provided maps and other essential information. In addition tho 
Portland District office made a vehicle available for use at the McNaiy 
project, furnished a temporaiy headquarters, and provided assistance 
in the mapping of sites. 

Throughout the period of active work Dr. Drucker made numcroua 
trips from the Eugene office to the various parties and the excavation 
projects. lie also met with Dr. Robert F. Heizer, Director, California 
Archeological Surveys, and assisted in perfecting plans for the coopera¬ 
tive work to be carried on by that otganization. After completing 
arrangements for miuntainiog the Eugene office during tho winter 
months, ho returned to Washington on October 1. 

At the start of the year George L. Coale, archeologist, and Froncis A, 
Riddell, Harry S. Riddell, Jr., and Homer Douglas Osborne, field 
assistants, were engaged in tho survey of the Benham hells, Frinevillo, 
Wickiup, and Crane Prairie Reservoirs. That work was completed 
on July 11, and Coalo and Osborno returned to Eugene to e^ist 
Dr. Drucker in making preparations for the excavations at the McNary 
Reservoir. The tw*o Riddells proceeded to northeastern Oregon 
where they made a reconnaissance of the Mason Creek and Ryan 
Creek Reservoirs. The surveys there being finished on July 16, they 
moved to Chief Joseph (Foster Creek) where on July 26 they oompletod 
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the investigfltionB previouflly stSTted by tho XJnivereity of Woflhington* 
Francis A. Riddell resigned Irani the Surreys on July 30. George L. 
Coftlc met Harry S. Riddell, Jr., at Pasco, Wash., on the 27th, and 
tho two proceeded from there to Ice Harbor and Liower Monumental 
Reaorvoira. After their reconnaissance of those two projects they 
went on to the Lucky Peak, Lost Valley, and Horse Creek ReserToira 
in Idolio, and the Bully Creek Reservoir in Oregon. William W. Burd, 
who was appointed a field assistant on August Hi, and Joel L. Shiner, 
who was promoted from the crew at McNary to field assistant, spent 
the period from August 18 to 30 examining the Little Goose and Lower 
Monumental Ueaervoirs for archeological remains. Burd returned to 
Rtigene and resigned on August 31, wbilo Shiner rejoined the party 
at the McNary cxcaTations and eontimicd with it until September 9 
when he reeigned. After completing the- field work at Moses Lake, 
Richard D. Daugherty proceeded to Seattle, W’asli., where he processed 
and studied the materials obtained from the excavations and prepared 
a report on the results of the investigations. His appointment as 
archeologist terminated on September 16. 

As previously mentioned, Osborne spent the first few weeks of the 
year on survey duties and was then recaUed to Eugene to aid in prepa- 
raiions for tho McNary project. He went with the party to that 
reservoir on August 5 and on August 16 was promoted toarc hooJogiat 
and placed in charge of the excavations. Upon his retinn to Eugene 
in September ho was mn<le Acting Field Director, and continued to 
function in that capacity throughout tha remainder of the year. 
During the fall and winter months he wTole the preliminary appraisal 
reports for the 15 reservoirs surveyed during the Bummer, prepared 
a Bununaiy report and a longer, more detailed manuscript on the 
McNary excavations, and made compilations of data on historical 
references, ethnological descriptions, and trade goods to bo userl as 
ready sources for information on the Columbia Basin. During Febru¬ 
ary he made a survey of the Big Cliff Reservoir and checked the 
various bank-control projects of tho Corps of Engineers along the 
Willamette River and its tributaries. On May 26 and 27 he partici¬ 
pated in a conference at Pendleton, Oreg., where representatives of 
the Corps of Engineers, the National Pork Service, and the Bureau 
of Indian Affairs discussed the problem of the removal of Indian 
burials from areas that are to he flooded. Throughout the winter 
months Osborne was assisted in the laboratory by Lloyd CoUina and 
Hiroto Zokoji, students of the Univeraity of Oregon. 

lliinoi $.‘—Archeological studies in Illinois consisted of the examina¬ 
tion of the records of previous surveys in the Illinois River Basin and 
tho investigation of two reservoir areas where dams wore under 
construction. 
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During Fabrtiftrj Ricbard P- WTieoIcr conferred vrith tbc District 
Engineer at Chicago about the flood-control program for the Illinoie 
RLrer Boeing discussed arclseological problems mvolved with Dr. John 
C McGregor, associate professor of anthropology at the University of 
uiinois, and with Dr. Kenneth G, Orr. assistant professor of anthro¬ 
pology at the University of Chicago. March 10 to 13, Wheeler 
checked the survey filea of the Department of Anthropology an 
worked in the Harper Library, at the University of Chicago, Leaving 
Chicago he proceeded to Springfjeldj HI,, where he conferred with 
Dr. Thome Deuel, Director of the Illinois State Museum, From 
March 21 to 25 he made a reconnaissance of the Fondulac and Farm- 
dale Reaervoir basins, the dams then bemg built, on Farm Creek, in 
Tazewell County, Ill. No archeological sites were found in those 
areas, and no further work was recommended. 

In April Wlieelor prepared a preliminary report, "Archeological 
RcsourcBs of the Proposed or Considered Reservoirs In the Illinois 
River Basin, Central and Nortbem Illinois,” which embodied a 
synopsis of present knowledge of the archeology of this region and 
provided a list of known sites (based on the site list prepared for the 
River Basin Surveys in September 1947 by Dr. C. McGn^or) in 
19 of the IS proposed reservoira in the Dlinois River Basin for which 

maps are available, . t. - j i - 

On May 16 Wheeler was transferred to ths Missouri Baam, ana Ins 

activities from then until the end of the year arc included in that 
portioa of the report. 

lowa ^—Work in Iowa was confined far the most part to surveys of 
two reservoir basins and the area immediately adjacent to the darn 
Eito of a third where preliminary construction activities were already 


underway, , 

Richard P. Wheeler spent tlio period December 6 to 10 at tlie KeU 
Rock Reservoir project, on the Dea Moines River, and Dwember 13 
to 15 at the Rathbun Reservoir on the Cbariton River. Dunng ttie 
progress of the work he consulted with Dr. Charles R. Keyes, Direcior 
of the Archeological Survey of Iowa, about the cb^ncter and extent 
of the archeological remains in tho two areas. In his reports preparod 
at the conclusion of his field investigations. Wheeler reeo^s 15 mound 
and occupation sites in the Red Rock basin, 4 of wh.di will be mvolved 
in the dam construction, and 6 in the Rathbun area. More 
studies under more favorable field conditions were recommended for 

both reservoirs. , j r - 

Between January 24 and February 3, mecler made a prdmma^ 
raoonnaissanoo of the Ooralvillo Reservoir, on tho Iowa Rivct, in 
Johnson and Iowa Comities. Iowa. Eight mound sites and one 
ooctipation site were located. Ten other sites, recorded prior to the 
aees^i—-8 
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survey^ could Dot fouTid becauss of tbo deep snow cover. Fur I her 
work win be Docessary before rGconunendatiOTr^ can be made for the 
mirage of archeolo^cal remains in that reservoir orcAn 

Alumnri ^‘iGr^m^—The hlissouri Basin project^ as in previous yeajSj 
continued under the general dircotion of Dr. Waldo R. Wcdcl and 
was based on the field headfinartora at luneobi, Nebr. During the 
fiscal 3 ’ear 12 new reservoir ba&ina were surveyed for arch eologi cal 
reruaius; two areas only briefly examined in former seasons were revis¬ 
ited and subjected to intensive recoimaiasancc; while eomprehensive 
excavations were carried on at one location. In addition to those activ¬ 
ities and certain paleontological itivestigationa^ laboratory and office 
work were carried on throughout the year. 

As the fiscal year opened^ three archeological units and one paieonto- 
logical unit were engaged in field w^ork. The largest proicct was the 
excavation program at Medicine Creeks Nebr.j under the Udd direction 
of Mp F. Kivett, arcbcologisti with George Metcalf as assistant* The 
work was made pOBsiblo through an agreement with the Bureau of 
Reclamation under which tlie Bureau provided labor and power equip¬ 
ment while the River Basin Surveys provided the technical supendsion 
and maintained the scientific records. This project terminated on 
August 20| having produced a largo body of data and artifacts for 
several inadequately known prehistoric culture horizons* Asldo from 
the scientific returns of the operation, it is important to note that the 
applicability of power maclvlnery to the excavation of aboriginal village 
site® under careful techrUcal supervision was amply demonstrated. 
The findings add much new information to that previously obtained 
elsewhere in the Central Plains through the amall-Bcale sampling of 
many sitea. 

A second unit under J, T* Hugliea, archeologbtp with J. M. Slilppee 
as assiafant, was at work in Angostura Reserveir. South Dakota* In¬ 
tensive survey there added numerous sites to those recorded during 
preliminary rcconnaisaance in 1946; and also disclosed the presence of at 
least one site that may have an antiquity of several thousand ycar^. 
Becanse of the extreme scarcity of data from this early period, and the 
usual difficulty of working such sites. It is imperative that further 
excavation bo carried on there. From September 15 to 30 Hughes 
and Shipper carried on preliminary reconnaissance at the Edgemont 
and Keyhole Projccta in \Tyomingt and at the Pactola and Johnson 
Siding Reservoir basins m South Dakota, At Edgomont 2S sitea were 
reconiedr while 29 were noted at Ke3diole, Oiily one was noted at 
Pactola and none at Johnson Siding* 

A third unit under Paul L, Cooper carried on excavationa at the 
Heart Butte Reservoir bosm^ North Dakota^ through the month of 
July, and then transferred its activities to the proposctl lower Oahe 
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Reservoir project on tbe Missouri River a few mil® above Pierre, 
S. Dak. On the basis of findings by that unit, it appears unlikely 
that remains of any great importance to archeology will be lost at 
Heart Butte. At Oahe, 61 sites were recorded betwccQ Pierre and 
the Cheycune River, a distance of about 40 miles. They include some 
of the largest, best preserved, and most impressive Indian village re- 
maius in the Missouri Basin. Most of them are virtually untouched 
by trained archeologista and, with one or two possible e.vcoptiona, nono 
has been adequotely tested by excavation. Five of the sites will be 
afFcctcd almost as soon os construction work begins on the dam site, 
the access roads, and the railroad classification yards. Hence, 
salvage operations will be necessary at an early date. Because of the 
abundance and variety of remains, comprehensive excavation has 
been recommended to begin soon and to be carried forward vigorously 
50 that a representative sample of the materials to b© affected by Oaha 
Reservoir may bo saved. 

From November 9 to 24 Cooper and Shippeo excavated a burial 
mound in the spillway area of Fort Randall Dam, South Dakota. T. ho 
Corps of Engineers provided a bulldoier and operator as needed, and 
assisted in numerous other ways. Without that cooperation, the 
work tlicrc w'ould not have been possible. The findings, although not 
spectacular, are important because burial mounds ore extremely raro 
on that portion of the Missouri, and their temporal and cultural 
relationships to other archeological complexes of the region can be 
determined, if at all, only through controlled excavations by trained 
InveBtigatois. 

A paleontological unit under Dr. T. E. While was in the field from 
July 1 to October 1, It worked at the Bovsrn Reservoir, Wyoming: 
in the Canyon Fenr Reservoir area on the Missouri River north of 
Townsend, Mont.; at the Angostura Reservoir, South Dakota; and at 
the Cellar Bluff Reservoir on the Smoky Hill River in Kansas. 

Limited field work ivas resumed in the spring, Richard F. Wheeler, 
archeologist, left Lincoln on May 27 for prdimiimiy reconnaissance 
at several hitlierto unvisilcd reservoir projects and for further survey 
of others previously examined in prelimiaaiy fashion. Frojects 
visited by Wheeler prior to Juno 30 includo Rocky Ford, Philip, Bixby, 
and Shadchill, in South Dakota; Cannonball and Dickinson, in North 
Dakota; Moorhead, in Wyoming-Montana, and Onion Flat m 

Wyoming. , , 

Among the particularly gratifying features of the year s field work 
were the results achieved through use ol power mae^ery and ihe 
direct coopera Lion extended by the Bureau of Reclamation at Medicine 
Creek and by the Corps of Engineers at Fort Randall Reservon. 
Such cooperative work, in terms of research accomplbhed, is the most 
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economical way of aalTaging areheological remains on thescaJo needed. 
Application of the same procedures, including meclianized earth- 
moving operations) to other projects seems to ho the only way of 
obtaining Lrreplaceahle scientific data in the little time left for its 
recovery. 

In the laboratory 39 maps were drawn. Many of them were field 
maps, others were site and reservoir maps for use with published re¬ 
ports. Throughout the winter specimeos were selected and photo^ 
graphed as analysis for technical reports proceeded. Including field 
photographs, a total of 918 nt^tives and 374 color tranapajendes 
were processed; 01 lantern slides were added to the slide scries; 9lS 
prints were made, cataloged, and filed; 1,008 prints were made for 
report UlusLrations and reference purposes; and 350 enlargements 
were made for publicity and reference use. 

Ail specimens collected during the field season, a total of 45,333, 
were cleaned, numbered, cataloged, and stored. The majority of 
them came from Medicine Creek, Angostura, and Oahe Resetvoira, 
Samples of bone, shell, and vegetal specimens from various sites were 
packed and sent to specialists elsewhere for identification. In addi¬ 
tion, soil samples from some of the sites were sent out for analysis, and 
wood and charcoal specimens were sent away for tree-ring studies. 

The skeleton of an adolescent covered with thousands of ahdl beads, 
sent to Lincoln in a plaster case from the Harlan Comity Reservoir, 
Nebraska, in 1946, was mounted permanently for exhibit purposes. 
Pottery restoration, principally of Medicine Creek material, continued 
throughout the spring months, 17 earthenware vessels having been 
restored by June 30, 

Information concerning over 129 sites was added to the site file, 
and 45 maps were indoxed and added to the map reference file. 

On July I, J. Joseph Bauxar, archeologist, was stationed at the 
Lincoln, Nehr., headquarters, continuing the ethnohistorical research 
project be had started the preceeduig year. The material collected 
consisted of such information as is pertinent to the archeologists' 
problem of determining the ethnic alfdiatjons of the archeological 
complexes in the Missouri River Basin. Some 30 tribes and subtribes 
are represented in the Tribal Culture Pile, On Januaty 9, 1949, Mr. 
Bauxar was tranafetred to the Oklahoma project of the River Basin 
Surveys and proceeded to Norman for the purpose of analyzing 
materials from the Norman site in the Fort Gibson Reservoir, 

Wesley L. Bliss, archeologist, devoted the time from July I until 
January 8 in the preparation of a general article "Birdshead Cave, 
a Stratified Site in the Wind River Basin, Wyoming,” and a technical 
report on the same project. In late August he visited the sites in the 
Medicine Creek area being excavated by the State Museum of the 
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University of Nebraska and in October accompanied a group from that 
inatilution on a trip to Signal Butte in western Nebraska for tie 
purpose of reexamiiung the early sil-es at that location. On the basis 
of information obtained during the course of bis work, he prepared 
a paper “Early and Late Lithic Horizons in the Plains’* which was 
presented before the Sixth Conference for Plains Archeology at Lincoln 
in November. Mr. Bliss left the River Basin Surveys stall on 

January 8. . « i t 

In addition to the field work previously mentioned, Paul L. Cooper 
in September accompanied Lr. Waldo R. Wedel, Dr. Gordon Baldudn 
of the National Park Service, and Dr. J. O. Brow and Frederick 
Johnson of the Committee for tho Becovery of Archeological Remains, 
on an inspection trip to Missouri Basin archeological sites in Wj oniing, 
Montana, North Dakota, South Dakota, and Nebraska. Throughout 
the remainder of the year his activities wore centered in the laboratory 
at Lincoln. Until March 24 ho was in charge of the Lincoln head¬ 
quarters during such times as Dr. Wcdel was in W ashington, hut from 
that date until June 30 devoted most of his attention to anal^j^aing 
the data and specimeDs obtained during the field season and in tho 
preporalion of reports. He wrote a summary of the work done at two 
reservoirs in Soulh Dakota, '‘Recent Investigations in Fort Randall 
and Oohe Reservoirs, Soulh Dakota,” which was published in Amer¬ 
ican Antiquity, voL 14, No. 4, April 1949, 

Robert B. Gumming, Jr., archeologist, continued to plan and super¬ 
vise the laboratory procedures, as mentioned in an earlier paragraph, 
and from March 24 until June 30 was in charge of the Lincoln office 
when Dr, Wcdcl w'aa not present at the laboratory. 

Following tho aummor field work Jack T. Hughea, archeologiat^ 
spent tho remainder of the year in the laboratory studying the 
and materials collected from the various rcservoira ho had examined 
and vniting reports on the tesulls of his work. Ho prepare a 
memorandum on Cheyenne Basin archeology for the Nation ar^ 
Service and completed an prtide, "Investigations in Western South 
Dakota and Norlhcaatern Wyoming," which was pub^hed m 
American Antiquity, vol* 14, No. 4, April 1949, He co^ a orate 
with Dr. Theodore E. White in writing a manuscript “The Long Site, 
an Ancient Camp in Southwestern South Dakota. The latter is a 
iireUminary account of tho archeology and physiography of one of the 
most significant sites yet found in the Angostura Reservoir basin. 
Hughes also prepared a paper, “Archeology and Environment m the 
Western Great Plains," which ho presented &l the Sixth Conferenw 
for Plains Archeology held m Lincoln in Novemlwr. In addition he 
wrote a paper, “An Experiment in Relative Dating of Archcolopcal 
Remains by Stroom Terraces," which he read before the Anthropology 
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Section of the Nebraska Academy of Sciences in May. lie wrote a 
memorandum on geological deposits and arcUeolo^cal remains in the 
Tiber Reaervolr basin, on tlie Marias River in northern ilontana, for 
the United Stales Geological Survey, and "A Note on Fireplaces’^ for 
the Plains Archeological Conference NowBlotter. Earlier in the year 
ho bad propared an axticle, “Naming Projectile Point Types," for 
the same journaL At the close of the year ha was oceiipied with a 
report on the Nebraska State Historical Society’s invostigations at 
the Bam Butte site in western Nebraska and ivas continuing his work 
on the development of a correlation table dealing with early remains 
in the western United States. 

Upon tho completion of the excavation project at the Medicine 
Creek Reservotr, Marvin F. Kivett, archeologist, returned to Lincoln 
on September 1 and begad the preparation of a brief preliminary 
report for the use of H. E. Robinson, District ^^anage^ of the 
Bureau of Reclamation. Included in it was a tabulation of work 
completed at various sites in the Medicine Creek Reservoir basin. 
After that manuscript was finished Kivett wrote a summary account, 
“Archeological Invcatlgationa in Medicine Creek Reservoir, Nebras^ 
ka," which was printed in American Anli<juity, vol. 14, No. 4, April 
1949. He then turned his attention to completing a laboratory 
analysis of the more than 30,000 spocimens collected at Medicine 
Creek and to a study of comparable materials gathered in tiio same 
area by parties from the Nebraska State Historical Society and placed 
at his disposal, witli the accompanying data, for Inclusion in the final 
technical report. In addition, Mr. liivctt wrote a technical paper on 
the prehistoric ossuary which ho excavated at the Harlan County 
Reservoir in the fall of 1046, and another “Archeology and Climatic 
Implications in the Central Plains," wliich was presented before the 
Si.vth Conference for Plains Archeology. Two brief articles, one con^ 
cerning the use of power equipment in archeological work and the 
other dealing with pottery nomenclature, were printed in the Plains 
Archeological Conference Newsletter. 

One trip of 4 days was made by Kivett to the Medicine Creek 
project during October for the purpose of marking trees from which 
sections for dendroohronologicoJ studies were to be cut under the 
supervision of the Bureau of Reclamation. In May he mode a l-day 
trip to the Harlan County and Medicine Creek ReservoirG to point 
out to membora of the Missouri Basin Inter-Agency Committee 
archeological work completed and that contero plated for those 
reservoirs. Mr. Kivett resigned from the River Basin Surveys on 
May 31 to accept an appointment as Assistant Director of the Museum 
of the Nebraska State Historical Society, 

George Metcalf, hold and laboratory assistant, participated in the 
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excavations at Medicine Creek and, after liia return to the Lincoln 
headquarters on August 24, assisted in the cleaning and cataloging of 
the loat oonsigument of specime^Ei^ from the project. From September 
12 until October 20 be supervised and aided in the procesBing of some 
7,000 specimens recovered from Medicine Creek sites by the Nebraska 
State Historical Society. Aa a part of that task all snit^blo sbellp 
bone, and vegetal material was listed and prepared for snbmiaoion to 
EpcciaJjsta for idcntificatioii. Throughout the winter and sprmg 
months ho worked wdth Mr. Kivett in the analysis of the Medicine 
Creek materials end wrote soctione on worked bone, ahell| and pottery 
for inclusion, in the final technical report- He aLo ossiated in the 
selection of epocimens arid the arrangement of photographic plates 
for the final report. At the end of tbe fiscal year be was engaged in 
making an analysis of tbe bouse remains in the Medicine Creek area. 

J. XL Shippee, field and laboratory assistant, returned to lincoln 
with the Ilughea party on October 1 and fiom then until NoTcmher S 
supervised the dismantling of the laljoratory and its rcdnstallatJou in 
upw qiiai'tcra+ XIr. Shipp ee then accompanied Xlri Cooper t-o the 
Fort E and all Eeservoir, w^here he assisted in the cscavationof a buriaJ 
mound located on th& site of the dam spiUway. He returned to 
Lincoln in lute November and spent tho remainder of the year in the 
restoration of pottery and other specimens and in the cleaning and 
mourning, for exhibition purpoaea, of a juvenile skeleton which had 
been removed intact from an ossuaiy at the Ilarlsn County Reservoir. 
He prepared a paperi ''Some I^oblema of the Ncho Hill Complex/^ 
which was read before the Antbropological Section of Hie Nebraska 
Academy of Sciences on May 7. At the close of the year he was 
preparing and assembling equipment for tho various psirtica starting 
for the field. 

Richard P* \\Tieeler, archeologist, was transferred to the Misstouri 
Loain in May and on Xlay 27 left 1 jncoln to make a sories of prelim^^ 
inaty surveys at reservoir projects in South iJakota, North Dakota, 
Montana, and Wyoming- By tho cud of the year he had visited eight 
reservoir areas. On June 30 he was at Fort Washakie, Wyo., w hore 
he obtained permission from the Busina Council of the Shoshones 
and jVrapahos to make preliiniiiaiy surveys ol ibe proposed Soral 
Creek and Raft Lake reservoir basins, wUicli are located in the Wind 
River Indian Reservation, inunedlately after the start of the nea?' ye^. 

Dr. Tlieodore E. WLito, paleontologist, conlined his activities, with 
ono minor exception, to work on the Missouri Basin problems through¬ 
out tho fiscal year. . , , t. t» 

From July 1 to 12 the lower Eocene deposits in the Boysen Reservoir 

area on the Big Uom River north of Shosboni, Fremont County, 
Wyo., wore prospected for fossils. Five fossilifetous “pockets,” which 
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will be iDund&tod when the injaervoir ie flooded, were found. The 
results of the work there conilnned tbe conclusions of the members of 
the United States Geologicol Survey who bad mapped tho structure 
end stratigraphy of that area. 

From July 14 to August 19 the Oligocenc and Miocene deports in 
the Canyon Ferry Keaervoir area on the Missouri RWer north of 
Townsend, Broadwater County, Mont., were prospected for fossils. 
Material was obtained from three localities in the DUgocene and two 
in the Miocene. All tlioae localities will bo inundated. 

After the close of the work at Cony on Ferry, White’s party pro¬ 
ceeded to tho Angostura Reservoir on tho Cheyenne River in Fall 
River County, S, Dak., to make a physiographic study of the area in 
connection with on early-man site. The period from August 21 to 
September 3 was epent in collecting data for that study. Tho party 
returned to Lincoln, Nebr., ou September 4 in order to prepare a 
preliminary report on the results of the physiographic study. 

From September 23 to October 1 the Upper Cretaceous Carlile 
Shalo in Cedar Bluff Reservoir on the Smoky IJill River south of 
Wakccney, Trego County. Kans., was prospected for vertebrate fossils. 
Although a number of specimens were found, they were so badly 
disintegrated by the crystallization of gypsum and the weathering of 
marcasite that they were not worth collecting. 

About 70 spec!mens, representing 20 genera, were obtained in tho 
Boyseti Reservoir area. Although the specimens were for the most 
part rather fragmentary, they were sufficiently well preserved to estab¬ 
lish the age of those beds as belonging to the Lost Cabin faunal zone 
of tho lower Eocene, a fact that had not previously been demonstrated. 
In the matonal obUuneJ is the most nearly complete skull yet found of 
the primitive insectivore, Dldelphodm, Although badly crushed and 
not impressive to look at, it adds o number of previously unknown 
details to tlio knowledge of the cranial morphology of that form. 
Also the skull and jaws of a primitive carnivore a little 

larger than a fox, was obtained m that area. Heretofore the form was 
known only from upper and lower dentitions. 

Nearly 125 specimens, priocipaJJy insectii-ores, rodents, and small 
artiodaetyls, were obtained in the Canyon Ferry Reservoir area. 
Most of the specimens were found in the Oligoocne deposits which 
previously were very poorly known. The material obtained demon- 
atrated that deposits of both lower and middle Oligocene age were 
present in that area. One of the Oligocene insectivores belongs to a 
problematical family previously unknoam in deposits later than tbe 
upper Eocene. Also, it is tho best-preserved specimen yet found and 
adds many details of the skull and dentition to the knowledge of that 
group. The small Oligocene mammals of that area, when compared 
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lo those of the flame ago on the Plains, illustrate the principles of 
geographical yariation quite as well as the living species. 

White’s laboratory activities for the year fall into two periods. The 
first, from October 4 to November 5, was spent at the field office at 
Uncoln, Nebr., preparing supplementary reports on the reservoirs 
visited and in identifying the ostcological material obtained in ardteo- 
log^cal excavations. Also, during that period the first draft of the 
technical report on the physiographic studies in the Angostura urea 
was prepared. The romauiing time was spent in the division of 
vertebrate paleontology at the United States National Museuni. 
addition to the preparation of technical reports on the paleontolo^cal 
material obtained in the resorvoir areas, sis boxes of osleological 
material from the Missouri and Columbia Basins were identified. 

White completed two technical reports representing the results of 
field and laboratory activities. They are: "Prclirama^ Analysis of 
the Vertebrate Fossil Fauna of the Bo 3 fsen Reservoir Area, * and 
"Endocrine Glands and Evolution No. 2: The Appearanca of I^e 
Amounts of Cement on the Teeth of Horses," Both were submitted 
for publication. At the dose of the year he had virtually finished 
two other papers: *'A Preliminaiy Appraisal of the Phj^ographic 
History of Ilorsebcad Creels in the Vicinity of 39FA6S’' (with Jack T, 
Hughes), and "Analyslfl of the Vertebrate FossQ Fauna of the 
Canyon Ferry Reservoir Area." 

Throughout the field season Whit* enjoyed congenial relationships 
wiLb. members of other Govemntiyit agencies JUid with iDeiuh€'r3 of 
educational institutions. Among those from whom matei-ial osaistance 
was received are: Harry A. Tourtclot of the llDited States Geolo^cal 
Surveyr J. LcRoy Kay of the Carnegie Museum* Mr- McQuiTen* 
geologist for the Bureau of Redamation at ibe Boysen project* an 
Roy AustiDp Superintendent of PubUo Schools at Townsend, ^ ont* 
Also the work was materially expedited by the many forest 
who placed the facilities of their stations at the convcnienca o t e 
pnrty. 

As in previous years, a number of student assistants were emp oyc 
08 membera of the various field parties. Robert U Hall and 
U Wittry were with the Cooper party from July 1 to September 4 
and August 14, respectively, Gordon F. McKenric loim^ the same 
party on August 1 and remained with it until September' - 
Donohoe was with the White party July 1 ^ Eniest U 

Luudelius, Jr., accompanied it from July 1 to September 4. orot y 
E. Fraser was with the Cooper party during the month of Au^st m 
the capacity of a special consultant. Neil J. Uto joined the V, heeler 
party on June 2 and was in the field at the close of the year. 

OJtfafiomo.—Work in Oklahoma consisted of both snrvcya and 
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cxcavatioo. At thft boginniriE of the year David J. Weirner, Jr., 
field assistant, was making a reconnaissance of the area to bo flooded 
by the TcnkiUcr Ferry Reservoir on the Dluiois River in the eastern 
part of the State. That work was completed on July 27 and tlw 
party moved to the Canadian Reservoir project on the Canadian 
River. Ecconnaissanca of that area was finished on August 17, 
when attention was turned to the adjacent Onapa project on tha 
North Canadian. The survey there was completed on September 3. 
Within the 3 basins, 104 sites were found, 3S in Tenkiller Ferry, 41 
in the Canadian, and 25 in Onapa. The work in Tenkiller Ferry 
demonstrated that what were presumed to bo mounds, actually are 
natural knoUa on flood plains and terraces, and all the sites present 
are village or cinnp remains. Those in the other two areas are also 
mainly village sites representing both historic and prehistoric cultures. 
In passing it should be stated that the Canadian and Onapa are 
two of three smaller alternate projects proposed to take the place of 
the larger Eufaula Reservoir. The third in the group, the Gaines, 
still remains to ho surveyed. Should the single Eufaula project 
eventually be carried through instead of the three smaller ones, very 
little additional field work wiU be required to determine the archeologi¬ 
cal manifestations involved. It la kjiown that there arc a number of 
mounds that lie outside the boundaries of the smaller ri^ervoira but 
which would fall within the maximum pool of the Eufaula. Mr. 
Wenner was aided in Ids work by William Mayer-Oakes and Robert 
Shalkop, student assistants. 

The excavations were at the Norman site in the Fort Gibson 
Reservoir basin on the Grand (Neosho) River near Wagoner. Earlier 
work by the University of Oklahoma had shown that the extensive 
village and mound group located there belonged to a Spiro-type 
culture and raised the possibility that tho flooding of the largest 
double mound, which had never been excavated, would represent the 
loss of oa important information and material as had the destruction 
of Ihe famous Spiro mounds in the adjacent county. When Dr. 
Robert E. Bell of the Department of Anlliropology of the University 
of Oklahoma reached the site in July he found that nearly all the 
village area and all mounds, with the exception of the largest double 
unit, had been removed by tho bulldozers of the construotion con¬ 
tractor. Even the large double unit had been damaged. The 
western periphery had been cut away and tho smaller mound had 
been cut <low*n several feet. With tho assistance of tho Engineers 
Dr. Bell was able to stop the operations so that archeological work 
could be done. During July and the first 2 weeks in August tho 
University of Oklahoma field session under Bell cxcavaied portions 
of several house sites still surviving south of the larger mound. On 
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Aug^t 17, und(!r tiia sponsorabip of Uib RiTor Bftsin Surveya, he 
begao excavation of tlie largo dottble mound by cuttinE * trench 
across the saddle between the two parts of the tmitw The southern 
face of the trench was then carried forw’srd toward the larger mound. 
Joseph R, Caldwell joined Bell on August 19 and they decided that 
neither the available time nor funds would permit the customary 
method of cutting forward with a continuous vertical face. Accord- 
ingly, a 10-foot trench was driven through the north-south axis of 
the mound to reach Its base and to obtain a complete profile. The 
work continued until September 22, Surprisinglyj the mound 
yielded very few specimens. Potsherds and artifacts were scarce 
throughout its various leveb. It was learned, however, that its 
main portion was composed of six superimposed platforms which 
probably had been tbe placements for public buildings, although no 
complete post-hole patterns were discovered. The summit of the 
fifth stage above the base had been divided into two nearly equal 
areas by a single row of posts, and the entire level gave evidence of a 
severe conflagration in prehistoric timea. Four human burials were 
found in tho top level, but they were in such an advanced stage of 
decomposition that Httle remained to Indicate their character. A 
number of glass beads in the same level suggests a historic contact In 
tho final daya of occupation. Tho results of tho digging indicated 
that no additional work was required at tho Norman site. During 
the course of the investigations there, however, another aitc was 
Located which appears to be an important one, and it was recommended 
that further cITorts in the Fort Gibson area be concentrated there. 

Red Riaer qf ike Norik jStmn.—Between August 27 and October 
29, 194S, Richard P. \^^le£!le^, archeologist, invi^tigated four Corps 
of Engineers reservoir areas in the Red River of the North Drainage 
Basin: the Homme Reservoir, under construction on the South Branch 
of the Park River, the proposed Pembina River and Tongue River 
Reservoirs, in northeastern North Dakota; and the proposed Orwell 
Reservoir, on tho Ottertail River, in west-central Minnesota. In 
reports on those surveys, prepared at the Lincoln oIRco of tho River 
Basin Surv'eys between November 5 and 19 and is-sued at Washington, 
D, C., in Docembor ItHS, Wheeler noted the occurrence of sites in tha 
vicinity of the Homme and Orwell Reservoirs but recorded the dis¬ 
covery of only one archeological site in tho reservoir areas proper, 
an occupation site in the Pembina River Reservoir. The finding of 
bison bones in all four of tlie reservoir areas indicates that the river 
valloj-s were fonnerly the habitat of bison and perhaps of other large 
gamo and were possibly visited by hunting bands in prehistoric and 
historic times. It was recommended that rechecks he mado at the 
Homme Reservoir, following tho clearing of timber and underbrush, 
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ttnd ot tlie Peinbma River and OnvcU Resarvoii®, at the time of the 
construction of the dams, in order to ntate sure that no archeological 
remaim were overlooked. 

Teww.—The River Baaln Surveya continued to operate throughout 
the year from the base and headquarters supplied by the Department 
of Anthropology at the Univeraty of Texas, Austin, Tex. Sur¬ 
veys Were begun and carried to completion in five Corps of Rngineora 
reservoirs. 

Robert L. Stephenson, archoologlst, left Austin at the beginning of 
the fiscal year aud went to Fort Worth where he conferred with the 
Engineer in Charge, Fort Worth SubofBce, Corps of Engineers, 
preparatory to storting surveys of four reaervoir basins on the upper 
branches of the Trinity River. 

Dunng July ho completed investigations at the Benbrook Reservoir 
on the Clear Fork of the Trinity River in Tarrant County and at the 
Grapevine Reservoir on Denton Creek in Tarrant and Denton Coun¬ 
ties. No sites were found in the Benbrook basin and only 10, none 
of which require further mveatigation, were noted at Grapevine. In 
addition he mode a 2-day reconnaissance in the areas of the Levon 
Reservoir on the East Fork of the Trinity River and Garza-Little 
Elm Reservoir on the Elm Fork of the same stream. On the latter 
trip R- E. Harris, Rex Housewright, and Lester Wilson, of the Dallas 
Archeological Society, took him to sites that they had previously 
located In the two areas. 

On August 1, Mr. Stephenson accompanied Drs, Gusta%^ A, Cooper 
and A. R. Loeblicli, Jr., of the United States National Museum, and 
Robert Stark of Grapevine, Tex., to the vicinity of Bridgeport, 
Wise County, to collect invertebrate fossils. He also visited the 
Whitney Reservoir on the Brazos River, IT ill County, and collected 
moUusks, needed to check previous identifications, from several archeo¬ 
logical sites. From tlicru he went to tho Texarkana Reservoir on the 
Sulphur River, Bowie County, for the purpose of gathering informa¬ 
tion regarding tho dates of construction and of determining the neces¬ 
sary time and extent of a survey for that basin. During the month 
he also completed an intensive survey of the Garza-Little Klin basin 
where he noted 27 sites, 7 of which were recommended for further 
examination, and started investigatious at the La von project. The 
latter continued until Soptember 17 and during tho progress of the 
work be made lest excavations at two sites. The survey located 25 
sites, of which B have been recommended for more iutensive invesliga- 
tioim. Both in tlm excavations and the survey he was greatly asaisted 
by tho members of thu Dallas Archeological Society and on September 
10 apoke before a meeting of that organization. On September 18 he 
started a survey of the San Angelo Reservoir area on the North Concho 
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River in Tom Greene County, which was £iilahe4 on Octohor 10. 
Only 13 small were located tberOj and as Bimilar material is avail- 
ablo elsewhere no further work was recommended for the basin. 

Except for several short trips, Mr. Stephenson spent the remainder 
of the fiscal year at the headqnariers In Austin analyaing the material 
collected and preparing reports on the summer’s surveys. Ho went to 
Ldacoln, Nebr., in November for the purpose of studying the field 
and laboratory methods being used by the Missouri Basin group and 
while there attended sessions of the Sixth Conference for Plains 
Archeology and was appointed to the Committee on Archeological 
Nomendaturo. From January 2 to 7j be revisited the upper Trinity 
River area to investigate reports of additional material having been 
found there. Papers prepared by Stephenson during the months in 
the laboratory are: “Archeological Survey of McGee Bend Reservoir," 
which was published in volume 10 of the Bulletin of the Texas Archeo¬ 
logical and Paleontological Society; "Archeolc^ical Survey of the 
Lavon and Garea-UtUe Elm Reservoira," to be published in volume 
30 of the some journal; "A Note on Some Barge Pita in Certain Sites 
near Dallas, Te-xas," printed in American Antiquity, vol. IS, No, 1; 
a revision of his earlier report on the tVhitney Reservoir which was 
mimeographed and distributed by the Washington office in April; 
and preliminary appraisals on the Benbrook, Grapevine, Garsa-Little 
Elm, and San Ai^elo surveys, FTe also nvoto a summary statement 
covering the results of the River Basin Surveys from their inception 
in 1947 to June 30, 1940, and prepared a summary and table of the 
culture sequences and their relationships in the Texas area as they 
had been worked out up to that date. 

Results of the year's investigations established a number of facta. 
In the survey of the Garza-Little Elm basin it was found that the 
remains include key sites for the detemiination of the culturat 
sequences in the area east of that knoisTi to have been iuhabited by 
groups clasaificd as the Honrietta Focus and west of the known 
Caddo an area. Similar sites have not been observed elsewhere, ery 
little is knoA^n of tho cuUurol sequences involvcfl in the area drained 
by the thre« forks of the Trinity River. Tho eight sites in the Lavon 
basin recommended for more intensive csauiination are believed to 
hold the answer to the problem of developments in the western border 
of tha Caddo area. At least one new culture remains to bo defined 
and describcil from the excavation of those sites. Furthermore, tlie 
materiel from them should shed much light uii the Inieirelation 
between the cuUmes represented there and those to tho east and west. 

Cooperating insfiiuribns.— Numerous State and local institutions 
cooperated with the River Basin Surveys throughout the year and 
made a definite contribution to the progress of tlie program. Tho 
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Univerai ties of Nebraska, Oldaboma, Oregon, and Terras provided 
spare for field offices and laboratories for regular units of the Surveys, 
while the Universities of Denver, Colorado, and California, and 
Western State College of Colorado supplied temporary bases of 
operations for specific projects. The Universities of California, 
Oklahoma, Oregon, and Washington joined forces with the Surveys 
for some reconnaissance work and for the excavations at the Fort 
Gibson, McNaiy, and O’Sidlivan Ecservoirs. In a number of cases 
responsibility for units in the survey and excavation program was 
assumed by State and local Institutions, 

The Museum of Northern Ariaono and the University of Arizona 
did some preliinin&Ty survey work, while the San Diego Museum of 
Man conducted surveys and did some digging in the area of the Davis 
Dam on the Colorado River between Arizona and Nevada. The Uni¬ 
versity of Arkansas engaged in both reconnaissance and excavations 
in the area of Bull Shoals Reservoir in that State, The California 
Archeological Survey of the University of California conducted ex¬ 
cavations at the Pine Flat and Isabella Reservoirs, while the Archeo¬ 
logical Surveya Association of Southern California carried on recon¬ 
naissance work in that part of the State. The Floricla Park Service 
surveyed the section in northern Florida that will be affected by the 
dim Woodruff Dam on the Apalachicola River near Cbattahooche and 
did some digging in a number of sites. The Univciaity of Georgia 
continued its surveys along the Cbattahooche and Flint Rivers and 
conducted excavations at one site in the Allatoona Reservoir on the 
Etowah River, In Illinois the University of Illinois, tho University 
of Chicago, and the Illinob State Museum furnished information 
about the extent and character of sites in the baaina of la reservoir 
projects proposed for the Illinois River drainage. The Indiana His¬ 
torical Bureau carried on surveys and did some excavating not only 
at proposed Federal projects, but at those under State construction 
as weD. 

The Museum of Natural History of the University of Kansas made 
excavations at Kanopolis Reservoir in July and August of 1948 in sites 
where the rising waters of the reservoir were already encroaching upon 
the remaiDS. The results of that w’ork were reported on by Dr, 
Carlylo S. Smith in au article, Archeological Investigations in Ells' 
worth aiul Rice Counties, Kansas," which appeared in American 
Antiquity, vol, 14, No, 4, April 1949, In June of 1949 the same 
institution was beginning investigations at the Glen Elder Reservoir 
with other work planned for the Woodston, Webster, and Cedar Bluff 
projects in the same region of the Solomon River drainage. In Ken¬ 
tucky the University continued its program of exca vatic os at the 
Wolf Creek Reservoir on the Cumberland River and at the Dewey 
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Reacn'oir on Johns Creek. The Univeraitj of Missouri and the 
Missouri Archeological Society again cooperated in making surveys 
in a number of reservoirs and in escavating sites in the Missouri por¬ 
tion of the Bull Shoals Beservoir and In the Clearwater and Ponime 
do Terre basins on the Black and Pomme de Terre Rivers, respec¬ 
tively. At the end of the year Montana State Univciaity was 
starting field work at the Canyon Ferry Reservoir on the Missouri 
River near Townsend, Mont. 

The Laboratory of Anthropology of the University of Nebraska 
was excavating in sites at the Harlan County Reservoir on the Re¬ 
publican River lit the southern part of the State at the start of the 
fiscal year and had returned to the same locality for further activities 
in June 1949, The work done during the summer of 1948 was de¬ 
scribed by Dr, John L, Chatnpo, in a report, "White Cat Village/' 
published in American Antiquity, vol. 14, No. 4, April 1949.^ The 
Nebraska State Historical Society excavated a number of sites m the 
Medicine Creek Reservoir area in the early months of the year and 
in June had a party digging in the Mullen Reservoir area on the 
Middle Loup River in the north-central part of the State. The Uni¬ 
versity of Nebraska State Museum continued its paleontological and 
archeological investigations in the Harlan County and Medicine 
Creek Reservoir areas. One site in the Medicine Creek basin that 
proved of particular interest because of its implications of consider¬ 
able antiquity was deacribed in an article, "The Frontier Culture 
Complox, a ^elimiiiary Report on a Prehistoric Hnntcr’a Camp in 
Southwestern Nebraska/' written by Preston Holder and Joyce Wike 
and printed in American Antiquity, vol. 14, No, 4, April 1949, 

The University of North Dakota and tho North Dakota Historical 
Society cooperated in excavntiona at the Bald hill Reservoir in the 
eastern port of the State in the summer of 1948, and toward the close 
of the fiscal year were preparing for intensive survey work in the 
Garrison Reservoir on the Missouri River near Sanisb, N. Dak, The 
results of tlio previous summer's work were discussed by Dr. Oordon 
W. Howes in "Burial Mounds in the Baldhill Area, North Dakota/' 
which appeared in the April 1949 issue of American Antiquity, vol, 
14, No, 4. The Oluo State Museum did some survey and e.vcBvatii>n 
work. The Univerrity of Oklahoma, as previously mentioned, did 
some digging at the Fort Gibson Reservoir and made independent 
surveys in other areas. The University of Utah assumed responsi¬ 
bility for surveys at a number of projects in the southwestern comer 
of that State but at the close of the year had not yet started field 
work. In Wisconsin, Beloit College made surveys and did some 
digging iu the Black River project. 
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The various cooperating organisations send progress and completed 
reports to the Kiver Basin SuxTcya so that the results of their work 
may be coordinated with those for the over-all program. In tble way 
the information obtained by them becomes a part of the general 
record of the River Basin Surveys. 

EDITORIAL WORK AN^D I^UELICATIOKS 

There wore issued one Annual Report and two FubUcations of the 
Institute of Social Anthropology as listed below: 

Sizty-filtU Annual Report of the Ruruu of AmericaQ £tIui(iitogy« 1917-1W8, 
32 pp. 

Imtitute of Social Anthropology Publ. No. 3. Sierra Popolocs fipeoeb, by 
Mary L, Foater and George M, F>»ter- IS pp, 

lastiluto of Social Anthropology Publ. No. 9. The T«r«aa and the CadUYCO 
of aouthoru Mato Croaao. Brazil, by Kalcrv-o Oborg. 72 pp., 24 pi*., 4 mapt, 

2 ebaru. 

Tho following publications were in press at the dose o£ the fiscal 
year: 

Bultctm 143. Handbook of Sou lb ArtLerlcan lodiaiifi. JuIEbii Btewird 
editor. Vofiimo 6, Ths coiaparairv-e etbaology ol South Aioeiicati IndJatui, 
Volunie Op PbydScal ontbropologyp UnHuwties, imd cdtural geography of South 
AmericoiL Indiaiui^ 

MiBC^EaDecuu publications. List of piiblicationa of the Burouu of Amerfi^B 
Ethflologyp with IndtK lo authors oad titira- Revised to July 30p UHO* 

Bulletin 144. The Northern and Ctiotral Nootkaii tnbea^ by Philip Hruclter. 

lufltiLuteof Social Anthropology Publ. No* 10. Noniadi of tho loug bow; The 
Siiiotio of eastom Brasil p by Allan R, Holmbefa- 

IfWitituteofSocM Anthropology PubL No. U. Quiroga: A Nforican MuujcEpio, 
by Docoid O. Bruiad. 

IiMtitutfl of Boci^ AnEhropology FubL No. 12. Cnii das Aliuajj: A BmaiLLan 
Tillage^ by Donald PicraoiK 

Publicfitiona distributed totaled 19,660, aa compared with 25,037 for 
the fiscal year 1943^ 

HBRAllT 

Accessions m the library totaled 112 volumcg^ bringing the total 
accession record as of JuDC 30^ 1949, to 34,719, 

ILLIFfiTHATlONS 

During the on tiro year the work of restoration on tho vrduable 
collection of old Indian photographs was continued. Approrimatcly 
150 restorationfl were completed.. 

The rcinauider of the time of the UlustTator and of his assistant 
was spent- on the regular work of preparatioii of iUuBtratious and maps 
for Bureau pubUeations* 
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ARCfllVEB 

Research werkera and students continued to use the manuscript 
material and the archives both through personal risita for considta- 
tion and by correapoiidenco. A number of manuscripts on the various 
Iroc^uoiaa tribes were loanod to the Library of the American Philo- 
sopliical Societyp Piniadelphiap for use of fitudenta and research work^r^ 
in that field* The major task of carding the mote important Indian 
vocabularies has been begun with Indian and English divisions for 
each. These vocabularies are being arranged so that they can be 
expanded as new material arrives, ilany of the Iroquoian vooabu™ 
laries collected by James Mooneyp Er minni e Smithi and J. N, B. 
Hewittp as well as a Natchez vocabulary coUected by A. S* GatcLet^ 
have been carded. 

Some S|.000 prints and negativeSp Lndudmg both black and vrhite 
and color* have been made during the jesr for various purposes. 
Considerable use was made during the fiscal year of the photographic 
collectiona as illustrations for both scientific and commercial pur¬ 
poses- The Walt Disney Studio and Metro-Goldwjn-Mayer hye 
consulted the photographic fileai for authentic material in making 
motion pictures dealing with Indian subjects. 

COLLECTIDI^a 

. 1 lot of fpwlli MllMted bj- Dr. Theodoos E. WMle, Enaest L. LuodeUm. 

and John O, Donohoc, frum 6 locationd in the Boyaen Hfserv oir areftp 
Wyoming. lUver Basin Sun-eye, 

1 lot of roaailH collcttcd bj Theodore E. White, Ernegt h, LundEliiiSp 
and John G. Donohoo, frow 5 lyealiUea within tho Canyon Ferry 
HjCBEtvoir are-ii near Melaiia* Mont. lUver Basin SiiryeyB. 

IS Ip 21S 1 lot of earthenii are vesselfl and oLher artUactJi collected by Dr. Gordoo 
IL WLUey In Vlrd Valley^ Oepartmeat of La Libertadp Perd* 

182, 450 24 liand-mfide silver brooebea from the Grand Eiver rndlana at GaJo- 
donia, Ontario, Caimda. Bought by the Bureau from Ephrftim 
Schuylorp ODcida, Win. 

182p 928 1 tobacco pouch and pipe of White Calf, a form&r chief of tho Blaehfoot 
Indian^- Bequeathed by Flornneo Merrifijn Bailey to the Bureau. 
182, 986 1 lot of potiherda oollcoted from Pissatseo^ an AJgOnqnum village^ near 

LeedjLowPp Va., hy the late David I. Btuhnell, Jf* 

179 833 1 Jot of juflhtoiogical material collected at the Ilodge^ Bito on Floia 

Large Creek, Quay County, N. Mea., In Auguat 1&47 by Herbert W* 
Dlcka aa a projoct of the River Barin Surveys. 

119, 773 Indian akelelon from Lake Spring dto, Savannah River, Geof^. 

River Baffin Survey a. u t j 

180, 458 1 lot of stone nrt! facta and rcJocUige coUeclod by Sheldon Judaon at 

variuua sites In Clay Gounty,^ N, Mfct, 
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I lot of Blotie #rtifsrtfl and potahcrda collected by Drt, M. W, Stirling 
” ” jnni Gordon B, Willey from a prchifltorio ehsU mound near Monagrillo, 

lieitcra Province, Republic of Panemd, during the lO-tSSmilhaonian 
InstltuUon-National Geographic Society Expedition to FanamA. 

UlSC^liLANEOUB 

During the year Miss Frances Denamore, Dr. tfohn R. Swanton, 
and Dr, Antonio J, Waring, Jr., con tinned as collaborators of the 
Bureau of American Ethnology, 

During the course of the year information was furnished by mem- 
bera of the Bureau staff in reply to numerous inquiries concern^ the 
American Indiana of both continents, past and present. Various 
Bpecimena sent to the Btiroau were identiQed and data on them fur- 
nisbed for their owners. 

BespectfuUy submitted. 

M. \V, Stislino, Director, 

Dr, A. Wetmohe, 

Secretary, Smitksontan InatituHon, 



APPENDIX 6 

REPORT ON THE INTERNATIONAL EXCHjVNGE SERVICE 

Sm: I have the honor to submit the foliotting report on the actiT- 
itics of the Intemational Exchange Service for the fiscal year ended 
June 30, 104S. 

The Smithsoniati Institution is the official United Stat^ agency for 
the exchange with other nations of govern men talp scientific, and lit¬ 
erary publicatioiis+ The International Exchange Service^ initiated 
by the Smithsonian Institution in the early years of its existence for 
the interchange of scientific publications between learned societies 
and individuals in the United States and those of foreign countries, 
serves as e means of deTeloping and executing in part the broad and 
comprehensive objectp ^^tho cliffusion of know'ledge^^^ It was later 
designated by the United States Govemment as the agency for the 
tranamission of official documents to selected depositories throughout 
the world, and it continues to execute the exchanges pursuant to 
eonventions, treatiesp and other intemationaJ agrecmeriits. 

The number of packages received for transmission during the year 
was ^0,125p an increase over the previous year of 80,006. The weight 
of these packages was 706,700 pounds, a decrease of 15,4^ pounds. 
The average weight of the individual package is approximately 15 
ounces, as compared with the average of the previous year of 1 pound, 
1 ounce—an indication that the various institutions have almost 
completed shipment of the tnaterial that was held during the war* 
The material received from both foreign and domestic sources for 
shipment is classified as shown in the following table: 
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The packages are fonrarded either by mail direct to the addicsaes 
or by freight to the e;(chang€ bureaus of foreign coimtries* The 
number of boxes shipped to the foreign exchange bureaus was 3,290, 
an increase of 189 over the previous year. Of the boxes shipped 650 
were for depositonea of full sets of United States Government docu* 
ments furnished in exchange for the official publicaliona of foreign 
governments for deposit in the Library of Congress, The number of 
packages fonrarded by mail was 155,402. 

In spite of the fact that considcrablo savings in transportatioii 
continued to be effected by exporting from Baltimore rather than 
New York, and in spite of the advantage gained through special 
arrangements for shipments to Germany, the allotment for tx'ans- 
portation was practically exhausted by the end of May 1949, There¬ 
fore, it was necessary to curtail shipments abarply during the last 
month of the fiscal year, and this resulted in a backlog of approxi¬ 
mately 146,000 pounds. 

Consignments are now forwarded to all countries except Bumaiua, 
end efforts are continued to effect exchanges with that country. 

TOHEIGN DEPOSITOHIE^ OF GOVEHNIIENTAL DOCTJMETKTa 

The number of sets of United States official publications received 
by the Exchange Service to be sent abroad in return for the official 
publications sent by foreign governments for deposit in the Library 
of Congress is 96 (58 full and 38 partial sots). The Government Book 
Depot, Rangoon, has been added to the list of full depoailories, 

pEPOaiTnai^ Or tVLL b^s 

Akobn-tina; Direwido InvestlffacioncB, Afcliivo, Biblioteca y LefcislaciCn E%- 

tratijoio, MiolitcrUi do Relocioftw Exleriorics y Oulto, BuoaM Aires, 
AubTSaIiu; Cominoowealth Farkianieal aod National T.lbrary, Canberre. 

Naw Sooia WahEfit Publio I.ibrefy ot New Sontb Wales, Sydney. 

Ql'SENSiiA no! Paftiaeiehtary Libnity, Brisbaoe, 

SoiTTK AvOTuaWA; Public Lituary of South Austratia, Adelaide. 

TaewaNia: Parliamentary Library. Hobart. 

Vicrcaia: Public Library of Victoria, Melbourne. 

WkbtebM ArTi(rBAi.ia: Public Library of Weatorn Australia, Peitb. 

Auaraia: Admiotitratlvo Library, Kisderal Ghaaeollery, Vlenoa.i 
Ruuiiuit; Riblfotbtque Royale. Brurellea. 

Raain.; Instltuto Nacional do Livio, lUo do Janeiro, 

Buivoabia: Bulgarian Bibliographical Institute, Sofia. 

Bubma: Government Book Depot* Bangoon.* 

CaKana: Library of PartSaiaeut, Ottawa- 

MaNfroaa: Previn dal l.ihiary, Winnipeg. 

OsTaWo: LegiPlatlvO Library. Toronto. 

Qoeaxe: Library of the Legiatatiire of tbs Proviuee of Quebee. 


1ftwm KitioMl tJhraiT of AmXilA, 
iAddri^-offeni 
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Csriv Blbliotec* * Naolon^, Sjuttisso- 

Ghika: Mintotry o( Education, jrationil LibmiT, Nanking, Cbina.* 

PniPiNo; Natioani Libnry of Fciping. 

Colombia: Biblioteca Kneionai, RogoU, 

Costa Rica: O&eina do Dcpdsitoy Gaoje Intcrnaeional do Puhlfcaclonea, Sail Jo««, 
Cuba; Mioirterio do Ertodo, Canjo Intefoaetonil. Habaua. 

CABoflOBLOTAEiA: Bfbilotlifttliifi do FAsaSioblfe Nationalo, Prague. 

Denmaks: Rongelige Da&fike Vtdeosfcabenies Selatab, Copcohageii. 

EOTfT: Bureau dea Fubh'catloDs, Minlatiro de# FiaaoecAji Cairo, 

Fiklakd: ^rliamentaiy 1,|brar7, HolaluU, 

Fbancb; BibliotbAciue Nationalo, Paria, 

Gsrmaxt; Otfentllcbe WiMomoliaftllohe BibUotbek, Berlin. 

Am^riaui Berlin^* * 

Guat Bbjtajn: 

MuAeUiu, LoncloQ. 

Lokmn: London School of Eoonamicd and Political Solonoe. (Depoaitory 
of tbo London CountCouocEl-) 

HoKOiLBY: Library of ParliaiiieEit, Budapest. 

India: National Librarjp Calcutta. 

IncnANo: National Library'' of Ireland, DtibiiD- 
Italt: Mkikterio daUa Pubilca Iflirnsione^ Roma- 
Japan: National Diet LShraryp Tokyo * 

Mexico: Secretarfa de IWacionea Exteriorea, Departameoto do InfoimaeiOn para 
d ErtranjerOp Mexico. I>, P, 

KmEEaLAKDa: Royal Libraryp The Ha^o. 

New 2eaLano: General H^aaembly Library, Wellihgton. 

Nqhtotrn IftKLA™: H. M. Stationery Office, Belfast. 

NoftWAT; UtciuilEadcpartroontots Bibliothek, O&I 0 +* ^ 

P*rp: Scccidn do Piol)«Banda y Fablieadonesp Mlnlsterio de Rolaciones Ex. 

terioroflp Linm, 

PEiurPiMH: Bureau of Public Libraries, Departmont of Education^ ^fanils,* 
Poland: Blbliothtqtie Nationalfip Warsaw. 

PoKTDOALt Biblioteca Naciouidp Lisbon. 

RouANtA: Academia Romini, BuchanesL^ . 

Spain: Cambio Intemadonaldo Publieacksncap Avenkla Calvo Sotelo 20, Madnd. 
Sweden: Kungliga BiblioLoket, Stoctbolni. 

SwiTEBaLANo: Bibliotliftqiio Ceisiralo FM^rale, Benko. 

ToaMT: Department of Printing and EngravliiE. Ministry of Education* Istanbul. 
Union oe South Afmca: State Library* Pretoria, Transv^aaL 
Union or Soviet Socialist Rapuaucs: AILUnion Lenin Obrarj. Moeeow 116. 
UsnArNti: Ukianian Socloty for Cultural Holattona with Foreign CountxlMp 

United Nations: Library of the United Natlona, Geneva* Switxerlnnd+ 
Uruouat: Ofieina de Canje loternadonal de Puhlicacionea. Montevideo. 
VeneiufiLai Bibliotcca Nacionali Caracas. 

YnnOBLAVjA: Mlnisffire de rEdueatSon, Belgrade^ 


I Rmpnadod. 

I Hfiil for dbp49lUwi hr l4bffajy of Conp«. 
i CibMETH] from. NoUoail LIbiWT “D# J*P“ 

• CbABEMl Ehim UniTwilErti-BnsWrtbflk- 

I Irora NfilkiaAl UU^- 

i 
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or rAariAL 

Awguj^iwtjlti: Ubmry of tM Afghan Academy^ Kabul. 

Bolivia! Blbliotcca del MJniifterio de Relaclonaa Eiteriores 7 Culto, La 
Bsueil: 

Mikas OrRArn: Dlreetoria Ger&l de EstatiBtica em Bdla Horlsonte- 

Biutibd Gijiaka: Go^ernmeat Secretary's Oflee, Georgetown, Pemeraxa. 
Cakada: 

ALRxnTA: PjoviDciai Libiary^ EdmoRtoe^ 

BaiTiei^ Columbia: Provinekl Library^ Viatoriiii. 

Nnw Brukswioie: Le^ktatlve Library, Fredmeton^ 

Nqta Scotia: ProvinciAl SEcretajy of Neva Scotia, Halifax. 

SAfiEATCBRWAN: Legislative Librarj^ Hegiifia+ 

Cetlok: department of lofoniiation. Government of Ceylon* Calombo.* 
Dominican RcPURLtc: Biblloteca do la Unlveraldad de Santo Domlago, Cnidad 
Trujillo. 

EcuAooa: Biblioteca Nacional, QMito. 

Greece: National LibraTy, Atbena 
GuatemaLia: BlbUotcca Nacionol, OuatemalaN. 

Haiti: Biblloth^qae Nationalc, Fort-au-Frinoe. 

HoKnusAe: 

Biblioteca y Archlvo NactonaJea, Tegueignlpflu 
Minkterio de UdaciODea Ertoriorea, Tegucigalpa. 

Ioelaxd: National Library» RoyIcjavile, 

India: 

Biiiab ANn Obibba: Revenue Departmentj Patna. 

Bomba T: Undcraccrotary to the Government of Bombay^ Licneral Depart' 
mentp Bombay* 

Uhtted PaoVENCca or Aoea anb Oudv: nniversity of Allahabad* Allahabad. 
West BenoaL: Library» West Bengal LeglslaturB, Aaaambly HoubOi Calcutta. 
Iban: Imperial MiolBitry of EducatloOi Tehran. 

IfiAi): Public Librojy, Baghdad. 

Jamaicai Colonial ^cretajyp Kingston. 

LiBBRiAt Department of Statep Monrovia* 

Malay a: Federal Secre tarda t. Federation of Malaya, Kuala Lumpur.^ 

Malta: Minister for the Treasury, Valleta. 

Newtoundlakd: Department of Homo Affaira, St. JohnS, 

Nicabaoua: Minloterlo de ReUcionea Exteriore^i Managua. 

Pakibtan: Chief Secretary to the Govern men t of Punjabp Lahore. 

FaKaMa: Alinisterio de Eeiaelonea ExterioreSp Panama. 

PabaoOaT: Mfniiffterio de Eekclonca Extoriores SeecEdn Biblioleca, Afluncidn. 

SALVABOKr 

Biblioteca Nacional, San Salvador. 

Mlniflterio do Belacionee ExterJoreSp San Salvador* 

Siam: NatioBaJ Libraryt Bangkoll. 

Sikoapobe: Chlel Secretary, Govemment Officeei Singapore.^ 

VAttOAN City: BlbBoteea ApostoUea Vaticana^ Yallcan City> Italy- 


i CJjiii3*wl mstn Cbw Spct^lAjy'i Oni«, Bfconl of tti« LlbrAry^ 

a Addfld diuiaf tusqt. 
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INTEttPAHLlAM£NTA.RT EXCHANOB OP THE OFFICIAL JOTJRJTAL 

Thepc arc now being sent abroad 81 copies of the Federal Register 
and 75 copies of the CongresaioDal Record. This is an increase of 8 
copies of the Federal Register and 9 of the Congressional Record oTer 
the preceding year. The oountriea to which these journals are 
being forwarded are pven in the following list: 

DKlfOeilOBIEB 0» COIJCREBilOSAL BECORD AMD rEBEBAt KEOIBTXa 

ABaatmaA: 

Biblioteea del Conernso NaelonftI, Bucdob 
B iblioteca del Poder Judicial, M<fBd(i*a.'> 

CAroara de DipuUdoa, Ofieina de Irrorrnacion Parliatnentarla, Buenos Aire*. 
Bcietfn OScial de la Rqpfiblica ATEcntlnu, MiaisUirio de Juatiea e lustniaoiAn 
Fdblica, Buenos AiriiS. 

Axstraua: 

Commonwealth Parliament and National Library, (^berra. 

New Sootr Waueb: Library of Parliament of Kew South Wules, Sydnoy. 
QuBENRlANot Chief Sfloretary'* Oflieej Briabune. 

Western Adutfaua: Lihmry oJ Parliatuent of Western Australia, 

BtiASiL: 

Biblloteca da Camera doe Deputado*, Eio da Janeiro,'* 

Intprenaa Kaetanal, Rio do Janeiro," 

Amazonas: Archivo, Biblfowea e Imprcnsa Publiea, Maufios. 

Babia: Covemador do Eotado da Hahia, 65o Salvador. 

EsriaiTo Sahto: Presidencia do Eetado do Eeplrlto Santo, Victoria. 

Rio CRANnE DO Sul: Imprsnaa Oficial do Estado, Porto Alegre. 

SBRarra; Bibliotoca Poblioa do Estado de Sargipe, Aracaiti. 

Silo PAtTLo: Impienaa Oficial do Eatado. Sfio Paulo. 

BaiTisn Hd.nouass: Colonial Secretary, Belize. 

Canada: 

LIbiary of Parliament, Ottawa, 

Clerk of the Senate, Eauaes of Parliament, Ottawa. 

CUBAT 

Biblidteca del Capitalfo, Eabana. 

Biblioteca Fubllca Panamcricana. H abatis,'^ 

Houiie of Repreaentatives, Habana,'* 

Eqtit: Mluistry of Foreign AHaIh. Egyptian Covomitrtat, Cairo.« 

Ee Baltadori Dbmry, National Aaaeiribly, San Salvador. 

FaANCv: 

Blblloth^que Aasemblie Kationale, Parla.i* 

Bibliothhque, ConafeiJ de la Republhjue. ^ ^ , b . n 

Pubtiques de 1'institute da l>toit Compare, Enlversitfi de Paris, Paris. 
Bervite de la Documentation Elraagtre, Asaembifie Nationalo, Paria « 


M Feditn] Rrf3i(«r 

n ChMWVX fro™ BibUotACifl* JtftdfloaL 

“ ConsEnii^TnAl Itwordi frtilj. 

^ AddlH) durliai: iW. 

u ObUi^ Uaa. BLblkAh^Qfli Cbtifibn 4t$ ^fpnt^ 
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<ii wa3«t: Dor BAyrlMhe f^dtag^ MuhIcIl.” ” 

Great Bwtaiw: 

Houm of CoiPinoTii Library, Loudon.*" ” 

Printed Lfbmry of tbo Furefen Officse, X/Ondon. 

CsvEon: Library, Greek ParliiciiGut, AthouB. 

OtJATJsmiLA: Biblioteca de ta Aaamblfia legtis^tiva, Guatomala- 
Haiti: BibJiotliftquo Natiunale, ]^ott-au-Princo. 

Rokpubab: Bibliotoca dal Gougiicsa Nackmal^ ToguofgaJpa. 

Lnuia: 

Civil SeiTTttarSat Llbraiyp lAicknoWj United Pfovipecs.^ 

Legislative Assembly Llbwy^ Lucknow p United PcovlDces^ 

LejClalative DepartiPeut, Simla. 

Indomksia: ProvlflioDal Partfuueut of Eaat-lndoncsiap Macassar, Celebea^^ 
InPhAi^D: Dail Blreonn, Dublin. 

Italy: 

Blblloteca CafTbcra del Deputati, Roiiw>^ 

Btblioteca del Senato della Bepublioa, RomeJ^ 

European OfEcep Food and AgrieultiLre Organisation of the United Nations, 
Roiiie.*^ ** 

Intomational Institute for tho Unification of Privnto Law, Ronie.^* 

Mexico: 

DirecctAft General dc Informaeldinp SecTolajla do Gobernneidn, Mexico^ D, F* 
BIbiioteca Benjamin Franklin, Mexico^ 15+ 

AoUAflCALiENTKs: Gobemador del Estado do Aguascafientes, Aguasoalicntes. 
Cakfecec: GobtmadoT do! Estado de Capipocbe^ Gampeehe. 

CmAVAa: GobernadoT del Estado de Chiapas^ TusrUft Gntlclres* 

Cbiuuaitpa: Gobemador del Estado do Cbihuabuah Cbihunbua. 

Co ABO] la: Foriddleo Onolal del li^lado do Coabuila, Pataeio do Goblorno, 
Saltillo. 

Colima: Gabemador del Eetadu de Colima, €k)Hma 
Dubanoo: Gobomador Constltueional del Estado de Dumngo^ DuTangO. 
Guakajpato: Secretarla General de Gobierno del Estado, Guanajuato. 
Gp^aitEiio: Gobemador del Estado do Guerrero, ChilpaneingOL 
Jalisco; BibUotoca del Estadop Guadalajara. 

ItowEB CALiFORNtA: Gobemador del Dietrtto Norte, MoxienJL 
Mkxico: Gaeeta del Gobiemo, Tolncm 

MicboacIk: SocTelarfa General do Goblemo del EsUde de Miclioaein^ 
MorelEn. 

Morelos: Falacio de GcbicrnOp Cuernavaca. 

Natabit: Gobemador de Nayarit^ Tepic, 

Nnirvo LEdN; Biblioteoa del Est ndOp Monterrey- 
Oaxaca: Ferlddico OfleiaU Palacia dc GoblemOp Oaxaca. 

Puebla: Setretarla General dc Goblemo, PucbliL. 

QtTER^TARo: Seeretarla GeDcml de GobiemOp 8eeci6u de Arctilvo, Quoritaro. 
Bah Luib Fotosf: Congroso del Estado, San Luis FoIobL 
BtKAiwDA: Gobemador del Eistado, de Sinaloa^ CuliaedB. 

Sondba: Cobernndor del Estado de Sonora^ Hermodllo, 

Tabasco: Seerolarla de Goblemo, Seasidn 3a, Ramo de Frenaa, Villahcnnoia* 


■at Cw uiBH hraAl BlOord 4alT>^ 
^ AdUfd dciriiti Y(3ar- 
I* Fttiirni] SteflitAf pdJt. 
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MEXICO—Contmued 

TAMAOLifAs: Saeictnria GtneraJ de Gobltroo, Vlctofiau. 

^’j^axcala: Secr^tJkrla de Gubiorno del KstadOp 

VERACiira: Gobertiiidor del Eatado de Vefaeroa. Depftftinento de Caber- 
Docidu y Justkiap J&kpa. 

YucatI-N; Gobfirnadof del E&tado de Vucatini ^tSrida. 

Ketheelands: Keninklijke Bibliolheekp Tbe Hague.**® 

Njbw Z^alaptd: Geneml Asaembly Library^ WcUiegton. 

KdftW AY: Library ef tbe Norwepcui ParliameDt^ Ofllo.*** 

PuKd: OatriMK de IHputBdoa* * Lima. 

PoLA.vDi Mlihistry of Justice^ Wanai?." 

SPiUFi: Diputacion de NavarraN San Sebaatian. 

SwiTEEm^ND: BiblSotbi^iuej Bureaij InteriiatSonal du Travail, Getieva.® 

Library I United NattonSp Geneva,^ 

Union oir Sooth AraiCA: 

Gafa of Good Hofe: library of Parllatcent, Cape Town. 

TaANBVAAu State Library^ Pretoria. 

Urucjoat: DioHo 0£eialp Catlfi Florida ilTS, Montevideo. 

Vene£U£la^ Biblioteca del GongresOp Garaea^p 

FOBEIGX LXCHAJfGi: AGENCIES 

ExcbuBges are seiit to all countries cxcapt Rninaiiia. The countries 
listed are those to which eliipmeiits are forwarded by freight. To 
other countries not appearing on the list, packages are forwarded by 
mail. 

LIST or aoenciss 


Austaja: Aufltrian NatJonal Ltbra^* Vienna. 

BELoeny: Service des Sebangei iDternatianauXp Bibtiolbfeiiie Hay ale de Belp^oe, 

BruielLea. vf 

Chinas Bureau of Internatioa*! Eschangep Nationid Central Libraiyp NaaEing- 
CEECBoaLOVAEiA: Bureau des Echaogca loteriiationauSp Biblloth^uedei'Aaaom- 
blifl NatiooiiJe, Prague 1-100. 

Denkaek: Institut des fiebangoa luternatioiiauii, Biblioth^ue Roy ale, Coi>e*^ 

hagen K. _ 

Eqtft: GovernmcEit Ptw, Publicationa OiEce. Bulaq, Cairo. _ 

Ftni^and: Delegation of the ScieutMo Sodetl^a of Finland, lusflamgatnn 2 % 

Fsahck: Service dee fichaoBe* IntemHionaux, BiblMlttque Natlonate, 53 Rue 
de RicbetJeu. Parla 

GaaVANT; OReutiicrbe Wiasensebaftlichc Btbliatbeki Berlin-^ 

Oertoan Central Commitiw for IHdtribtJtioii of Cultural Miterialip 

Stuttgart.® ** - , 

GasAT BarrAm *»n la^LAHni Wholden & Waley. 83/34 Berwick Btnwt, lAJcden. 

W* I, 

Hunoaet: Hungarian Libraries Board, FerendekteTe 5. Budapeafcp 1 \\ 

India: SuperintJ^ndeDt of Government Printing nod Statlonei^p ^mb^ 

Itaiat; Ufficio dcgU Scacnbi InternEzioJiali* .Miaiatero della PubUca Istfuxionn, 

RoiTieii 


AedxMl dTirlai jtv- 

* Fkdfrnl RdiEitff HDiBiy. 

^ DlitrttrijrWl imdAr d P«[iutEaiaL ArtUf. 

** FviB Mftcpn uul HiihIui ZV>*. 

a For *m>rten-n, BriUiH^ U3d Zoos. 
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JxfjiN! latfifiifttiflMl Eichflii^ Serviee# NAtLoiiAl Library af Japin^ UyoDO Park, 

Tokyo.** 

Netbeklands: lutematioiiaJ EiubanBe Bureau of the N^LherLandfl, Royal 
Library^ The Hague. 

New Scdtu Wales: FubUa Ubraiy of New Bcutb Wates^ Syduey^ 

New ZidAiUAifo: General Assembly Library, WelliiigtoiL 

Noe WAT; Berviee Norvtfgien des Sebangea iDternatlouaur, Bibliotbiqua de 
rUnlveraitfi Royaler Oalo^ 

Palestine: Jewiab National and UniYersity Library, JerusaTemJ* * 

PiiruppiNEa: Bureau of FubHo Libraries, Depart tneu^ of Ekfueatiou, Manila^ 
Poland: Service Polouala des £ebangas lutoraatioaauac, BLbiiotb4que Natiouale^ 
Warsaw- 

Poetugal: Secf^o d* Trocaa Interoacioiu^p BEbUoteca Naeional^ Oaboo^ 
Queensland: Bureau of Exeliaages of lutematlonal Publieationa, CbieT Secre- 
tary'e Offlea, Brisbane. 

Rohama: Mioietfere do la Propagande Natlonala, Service des Eebauges Inter- 
Datiouaux, Bucharestp** 

Soimi AuaniALu: Boutli Australian Govemment Eichangei Bureau, Govern¬ 
ment Printing and Scatlooery Office, Adelaide. 

Spain: Junta de fntercambio y AdquiBicifio de Libroa y RoviaEaj para Biblota- 
eaa F^bUeas, Miulsterio de Educacldn Nacional, Aveuida Calvo Soti^o 20, 
MaddcL 

SwEDfiN: KungUga BJblioteket:, Siockbolin. 

SwiTzaatAND: Service Sukae des fiebangea Internationaux, BibUotb^quo CcutraJe 
F^d^rale, FaJais F^d^ralo, Berne. 

TAEUANiAr Secretary to the Preniicr, HobartH 

TuftEET! Mini^jUy of EducAtfoiL, Department of Priuting and Engraving, 
TstaobilL 

Union ofSoute Afueca; Government Printing and Statloneij Of£i^, Cape Town, 
Cape of Good Hope^ 

Union or Sovirr Sociaubt REFuauca: Interuatioua! Book Exebange Depart¬ 
ment, Society for Cultural Rclatious with Foreign Countries, Moseow, 5 ^p 
Vjctobia; Public Library of Victoria, Melbourne. 

Webteen Aetbtkalia: Public LEbrary of Westora Auatraiia, Pertb+ 

Yugoslavla: Section dei Lehaiigos IntematiauAiEx, Miidst^ro defl Affaires 
Slrang^rea, BelgradoL 

Brespectfullj submitted, 

D- WiLLiAii$j CM^» 

Dr. A. WlTTMDREj 

Seerstary^ SmiiAsonim ImtiiutiQn. 


I* DtrirttuHcC Uo4i^ fq.pervttlaD ol DipaztnijeEit i}f Eb* AnnT. 

* SblpcHca HUEwodiod. 



APPENDIX 7 

REPOET ON THE NATIONAL ZOOLOGICAL PARK 

Sm: I have the honor to submit the foUowmg report on the opera¬ 
tions of the National Zoological Park for the fiscal year ended Juno 
30, 1949. 

Tho improved economic conditions were reflected in satisfactory 
developments at the Zoo during the year. The animal collection was 
gradually improved by obtaining rare or otherw ise drairahle animals 
to fill available cages, and personnel recniitmeot and training pro¬ 
gressed satisfactorily, although it was not possible to fiU all vacancies. 
With increased man power and more materials available, progress 
was made in taking care of the most needed repairs, and minor im¬ 
provements were completed. 

As of June 30, 1949, there were 3,724 specimens in the collection, an 
increase of 927 over the previous year, l^ese represented 755 species, 
an increase of 65. Not only w as the collection increased in size, hut 
the quality was improved by tho addition of animals that are not ivell 
known, thereby adding to its educational value. 

The National Zoologicsl Park renders a variety of services to the 
American public. Besides the animal exhibits and the providing of an 
attractive recreation area, valuable opportunities are offered for 
Btudents of biology, particularly vertebrate zoology, as weU os for 
artists, photographera, writers, and research workem—utilizing 
methods of research that do not endanger the welfare of the animals 
or of the public. Otiier direct services are answering in person, by 
phone, mail, and telegraph, questions regarding aniroala, their care 
and transportation; the furnishing of infoimation to other zoos and 
private and public agencies regarding structures for keeping and 
housing animals; and cooperation ivith other agencies of the Federal, 
State, and municipal govenunents in research W‘ork. 

THE EXHEBITfl 

Animals for the collection are acquired by gift, deposit, purchase, 
exchange, births and hatchings, and are removed by return of speci¬ 
mens on deposit, exchange, or death. Although depositors arc at 
liberty to remove the specimens that they place In the Zoo, many 
leave the specimens for the rest of their lives. 
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As m any colony of Ji^^ing Uiiugs, there is a steady tum-oYer, so 
that the exhibits are constawtly changing. Thus, the invantoiy list 
of fipeemaena in the collection on June 30 of each year does not show all 
tfao kinds of animals that were exhibited during the year; sometimea 
creattirea of outstanding intorest at the time they were shoira are no 
longer in the collection at the time the list m prepared, 

ACCES^mNS 

A great many mteresting shipments hare been received from abroad. 
The Navy Medical Research Unit No. 3 sent through Lt. Robert E. 
Kiintz a large collection of Egyptian reptileSp including a number of 
species that the Zoo has never had before. The Institute of Scientific 
Research, Madagascar, sent by air a group of leopard chomelenns, 
some Z(ymsaurus lizards^ and two Dumeril's boas. The San Diego 
Zoological Society presented a beautiful specimen of the spectacled 
bear. The Army Medical Research Center Laboratory in Malaya 
sent through Maj. Robert Traub an interesting collection, including 
two striking bamboo rats and eight different species of tree rats, none 
of which had been exhibited heretofore. From the Zoological Society 
of London was received an extensive shipmenti including 4 Chinese 
water deer, a kusimanse, some rare birds, and 2 of the rare Meller'a 
chameleons. 

Dr^ GuUlcrmo ^innn of the University of Santiago^ Santiago^ Chile, 
sent specimens of Gay*3 frog and the unusual Bibron^a "toad^^ frogj 
as well as three nbrocomas, a rodent seldom seen in captivity^ Pat 
Putnam sent from the Belgian Congo chameleons and francolius. 
Capt. John Miller of Panagra Airlines^ Porti, shipped to the Zoo its 
first pair of the rare pigmy marmogeta^ smaUest of all the monkeys. 

Among the outstanding receipts through purchases or eschangea 
were an African two-homed rhiiioccroSt ^ P^ir of wombats, a king 
cormorant, a trio of kelp geese, orang-utans and chimpanzees. The 
latter are to replace the stock that some years ago waa destroyed by 
an epidemic. 

William T. Miller, after resigning from the Army, apent some time 
in PanamA and sent eeveral ahipments including a pigmy an tea ter 
and a great rufous motmot. Dr. A. Reventlow of the Zoological 
Garden at Copetihagcu, Denmark, presented to the Zoo its first pair 
of whooper swans. From the Zoo in Rotterdam, Holland, were 
received a king cobra and eomo niffs. In an air shipment from 
Australia came reptiles of more than a dozen specie, including the 
carpet python, diamond python, and a number of rare lizards and 
turtles. 
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DEPOeiTOSa and DONORB and TN£[R gifts 
(Dspoaita btS rnsrlud*) 

Aiken, Jcaee E., Chovy Ghoae, Md.. opoasum (youDg in pouch}. 

AUen, Miss Joyce, Wsshington, D. C., Spftrrow hawk. 

Aniit^ flGseuo League, Waslilngtou, D. C., musknt, 

Army Medics] Risscsrefa, Washineton, D. C., slew lorla 

Anjtssw, Pvt. V. C., and Harp, Pvt, W, W„ WaaiiiUBton, D, C., wOOdcRuck 

Ay SIS, James W., Silver Spring, Md., psntJl. 

Balster, Joseph, Washington, D. G., festivo parrot, 

Barbour, Chiurles, Sunoybrook, Md., fence lixard. 

Barker, J. M., Mqyook, N. C., timber rnttlesnakc. 

Beck, L. V., Bethesda, Md., 2 *ehrs finches, 

Bernstelo, Edwsid, Washington, D. C., whlte-thrcwted capuchin.* 

Bittenbcnder, J. C., ArHufton, Va,, flying squirrel. 

Bitting, Maurice, Choverly, Md., raccoon. 

Bosn'ell, Mrs, May, Washington, D, G., green herqn. 

Bowen, Mis. Raymond J., Washington, D. C., mouse, 

Brattcr, Miss J., Washington, D. C., Pekin duck. 

Biodoss, Miss D., Washington, D. C., riag-necked dove. 

Btoaimer, K. M.. Minneapolis, Minn,, ferret. 

Burford, Caplaln, Fails Gburcb, Va., opossum. 

Burko, Mrs. J. O., Washington, D. C., domestic white rabbit. 

Butler, U. M., Washington. D. C., alligator, 

Garrick, W, E., Capitol Heights, Md., skunk, 

Canvll, Robert. Arlrngton, Va„ black widow spider. 

Carter, H, E., Alexandria, Va., mby-tbroatod hununing bird. 

Catsklll Game Farm, Inc., Catskiil, N. V,, pigtail maeflque monkey, 

Celia. Dominick, Botbesda, Md., sparrow bawk. 

Chamberlin, Donald, Kenwood, Md., sparrow hawk* and ecteoch owl," 

Claxen, Charles W„ Chevy Chase, Md., 7 golden tuunsterv. 

Clift, Miss Annie M.. Bethcada, Md., Pekin duck. 

ColtiDS, John F.. Washington, D. C., 4 Potln ducks. 

Gulvin, Master E., Washington, D, C., red fo*. 

Cook. Harry, Washington, D. C., alligator. 

Cool, Leon D.. and Gascoyne, Rodney, Washingtoa, D, C., whistling awan.* 
Coolidge, Belle, Washington. D. C., Pekin duck. 

Cooper, John. Washington, D. C., 2 raccoons. 

Coppel, Miss Marcia, WaBhiugton, D. C,. Pekin duck. 

Corrigan. Myrtle, Washington, D. C., painted buuliug, 

Con'er, ft. O., W'ashiflgion, D. C., opoaaum, 

Cunningham, J. Francis, Arlitiglon, Va., 2 flying squirrels. 

Dale, Mr. and Mrs. Martin B., Arlington, Vo., 3 grass parakeeta (alhino}. 
Davis, L. W.. Arlington, Va., 2 caslem skuctka. 

Davia, Malcolm, Wasliington, D. C.. American crow and 2 black vulturu. 

Davis, Thomaa M., Philadelphia, Pa., 3 Amelva Hiards, fi blue honey creepers. 
IS yellow atelopua. 

Decatur, Miss Edna, Washington, D. G., brown thrasher. 

Dent, W., W'ashington, D. C., ground hog. 

Denton, J. C., Alexandria, Va, skuuk, 

Meaaia. DePrato, Fiedler, and Davis, Washington, D. C., snapping turtle. 
Detmer, L, Washington, D. C., Pskin duck. 
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Donovati^ D&nii^l J., WasliiiiKton, D, G,* yelt&w-^ped pazroL 
DougE&s, F,p WashinstoD, D* G.p mccoon. 

Dou gifts, Floyd G.p faddresa tinknoi^'i]), American badgtr. 

Dour, John, Abi^gtou^ Va., hog-nosed Bnake, 

DuBuy, Dr. H. G., Berwyn, Md,j common goat. 

Dudley^ Dr. A.^ Bethcadfl, Mdrp 5 opossanis. 

DuetcrniADn, Cftpt. W, WBEhington* D. C+p Pekin duck. 

Dummingp Billp Chevy Chasep Md.^ mapping turtle. 

FleaceCp J. M., Clenisonp G,, btack vulture. 

ElJwangcr, Mrs. ChAs.p Vicnnflp ¥R.p scxieerh owJ. 

Ennes, Richard, Washington, D. C., 2 great homed owls.* 

Eafandlary, Mr.p lVaflliirgton+ D. G.* fl white mice. 

Evanfip JitOp (address unknown)^ hog-noaed anake and mole simke. 

Finely* Dr. H. E.* WasLLngtonp D. C., bulllrog. 

Finnegan, Hugh L.^ Silver Spzingp Md.* 11 opoBauma, 

Flick, CsrUon R., Mt. Riunier* Md, 5 opoftaunisv 
Ford, Cliffordp Shady S]de+ Md, spider monkey. 

FrandsHiii Monastery, WashingEoik, D. C.p bleeding-heart dove. 

Frenet* Mrs. J, F.^ Mexandria, Va,, flying squirrel. 

Friday^ David L, Md., eastern gray Equirrcli 

Gatii, Mrs* S. A., Washington, D. C., 2 graag parakeets, 2 Java eparrows* 9 
eaiuiriea. 

Cilbertp Paul, Washington, D. C., doublo yellow-beaded parrot. 

Golden^ Helen, Sarasotap Fla., Indiaji rock python.* 

Goldwyn, Ronald J,, AtexandHs^ Va,, 2 Pekin ducka^ 

Grimn, D. A, Washingtoii* D, C.* barn owL 
Guy, H. L.,, Arlington* Ya., 2 Pekin ducks, 

HaaSp Mrs. F., WashlngtoOp D. Q, canary , 

Hager, Lester H., ArlingtoUp Vn.. Florida galllnule. 

Haggerty* MIbb IrcnCp Washington D, C.* eastern robin. 

Hand]ay, Charles, WaahingtOQp D, C., 2 gray foxw. 

Harriman, D,^ Washington, D. C.p domcatlQ rabbit. 

Harda, Van T+, Ann Arbor, Mich.j. least weasel. 

Harwftll, Msater Michaelp Arlington^ Va.^ barred owL 
Henderson, Genevieve, Chevy Chase, Md., horned lizard. 

Henshaw, Bill^ Waahiagtgjn, D. C.* alligator. 

Hesicpp SHver Spring, Md., eastern robin. 

Hkkman, Jean IL, Washington, D, C., 4 eastern gray aqnlrreld. 

Hoff roan, Dr, Paul, Washington D. C.* 2 opossums. 

Hogan^ Mrs. Henry, Waahington, D. eastern robin. 

Holmes, Mrs, G,, Washington, D. G-., fiorthern raven. 

Householder, Vic. H.* Phoenlsc, Arlz., 4 western green toads, collared pcccniy. 
Howard, Dr, Walter E., O'Kcals, Calif., 4 dlgger-ptne pocket mice, 2 San Joaquin 
pocket mice, 7 California harveat mice, 16 Gambal white-footed mice, 12 
California meadow mice. 

Ingtiam, Rex, Ruihn, N. G., yellow-naped parrot,* md-blufrand’yellow macftw,* 
yellowHUid-blue macaw,* Mexican green macaw** 

Ingles, Lloyd G., Fresno Stato Col lego, Frosno, Cftlif.* mnutitain boav or, golden- 
mAhtle ground squirrel, San Joaquin hnng&roo rat, 2 lodgepolc-pina chipmunks, 
California white^footed mouso. Son Joaquin antelope ground aqutrrel, Heemtan 
kangaroo rat, CalHornlA pocket mouse, Tejon pocket mouse, Merriam^H kan¬ 
garoo mtp 3 snudbraced kangarw rata* Bouthweatem whito^footed mouse, 4 
pack ra^ (mothar and 2 habiee). 
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lEstitut de Hecherclie' SciecLtifique, MAd&gB£ca.r^ 7 Iwp&rd oliameleo&flp 2 Du- 
nierirs boas^ 3 lisards. 

J&ckfloUp WhUam^ WaabingtoTi^ D. €.p owL 

James, Clayton, Landoverp Md., purple galL'aule, 10 West Indian moumlng 
duvtSp* button quasi,* spotted saSaiuaoder. 

James, Cloydp PurceJivillo, Va.p 2 barn pwla, 

JeDkiuflp R. S.p Dueoavista^ Ya-p gray foT, fkunk^ Geoffrey's niarmcaei^ 

JohnaoD^ Duane, Washingtonp D. O.p Feklu duck^ 

Johnson^ F* E,p Eustla, Fta,, eoral inake, eastern diamond-backed rattlesnake. 
JohnaoPr L-i WaabSrigtoii, D. C*p rhino beetle. 

JoneSp J. M.+ Silver Spring, Md.p 46 white mlco* 

Keegan, Capt. Hugh L.* ManilSp P. L, monitor^ retjeulated pythoftp 3 river 
anakefl, 2 akamatatup 4 Eabu vipers. 

King, Cliarlea E., Washington Grovep Md.p bam owL 
Komaa, Jahn, Washington, D. C.^ raccoon. 

KooOp E, S,, Aabevillc, N, G.^ albgator. 

KroueCp Mrs. A, F., Washington, D, C., enatem robin. 

KuntXp Lt. R. l.p Cairo, Egypt, 4 Roger's whipsnaked, 7 sftnd vipers, 11 Egyp¬ 
tian colubersp 4 daesUSp javelioeboa, 2 desert waralsp Egyptian lear-noscd snake, 
■^Fish of the Sand," 3 dabbs (or dhabe), mucronate sand limrdp 3 "Father of 
Eyes''' (oAt-cyed anakce), 3 homed vi|>eta, 3 gharibas, 4 eeknius, 6 Egyptian 
cobraSp 3 pale agsmaa, chameleonp gecko or white ^'borep" 4 Egyptian 
spiny micep 6 pyramid gerbills, 7 Egyptian sand Uaards, Egyptian snails, IG 
Egyptian fikinks, ^'Father of Stripes 
LaOarde, B. L., Fnederickp hfd., 2 garter snakea^ copperhead snake. 

LanCp Dick and ElainCp Washington, D+ Ch, domestic rabbit. 

Lee^ Emmett L., Ale;cand;riap Va.^ 2 baiwi nwLs. 

Leonard, Diane Ruth, WashingtoP,, D* C., hog-nosed snake. 

LlnkinSp Mrs* C. 3., Washiogtoap D* C., Pekin duck. 

Lionheartp Mrs, Louis, Washington, D, C,p eastern gray equirrel, 

Lipscomb, Mra. Thomas, WasbingtOP, D. Pekin duck. 

Lohren, Harolds black muskrat, 

Lowp S* H., Gaithetaburg, Md., alligator. 

Luena, S., East Ri vertiale,^ Md., Pekin duck. 

Lyonsp James K., Washington* D. G.* Pekin duck. 

MacCracken, Eh, Washington* D+ G.* red fox. 

Mann. Dr. Guillermo, Santiago, ChllOp 3 abrocomas, 3 Gay's frogs, 53 Bibron'i 
"toad" frogs. 

Marehallp Master Fred, Washington, D, C.^ snapping turtle. 

Marshal Ip L. M ., Washingtoiip D. C, woodchuek or ground hog. 

McBiidCp Gordon W., Chevy Chase, Md„ domestio rabbit.* 

McDennottp Mrs. Jack C., Washington, D. yeUow-hcadcd piimit * 
MoDonnidp Master Esriing, Takoma Park, Md., raccoon. 

Mecmfl Bros. Ai Ward^ OceftiMlde, L. l.p chestah,* 

Melninger* J. L.p Chevy Ghaso, Md., Fekin duck, 

Meiuinger, Paul, Bethesda, Md.* 2 Pefcio ducks* 

Mlllorp Capt, John, Lima, Peru* 2 Pygmy marmosets. 

Mills, John* Washington* D. C, 10 common newta. 

Mills* L. W., Chevy Chase, Md., opossum. 

Moata, Mr. and Mrs. Edwin R.p H maids, Md.* 4 plicated woodpcckersH 
Moeba, NoftI, Chevy Chaae, Md., barred owl. 

Monahan, Edward P-, Trinidad* B. W. L* boa constructor. 

Moulton, Gladys* Washington. D. C., Cumberland terrapinH* 
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NAtiotial G^pliot Park Service, WasbJiigtoii, O. C., coppHirkcad anakcp ptlot «iiake^ 
Naval Rweareh Medical Center^ D^thesdai Md-* Javan noficiKnie,* 1& Kast 
African elephant shrews.* 

N^coaoSt Keith S.^ ArJIn^ton^ Yn., skunk. 

O'PonnclFi Grill* Waahinston, C.^ alii^tor. 

O'Neilli C, A,» Waehfngtoii* D. C** coekatld- 
O'Neillp ChM. F.j Washington! D* C-* 2 Fckin ducka^ 

Ord, Edward^ Washington, D. C.p 2 angel hsh. 

Ofiuabv, Ah T.> Sydney p Australia^ B block enakes, B black-bcLIied snakaa. 

Parker! Mctl&a, Lceeburg, Va., pilot anake. 

Parkop Kendrick* ArlingtCQp Va-i timber rattlaanake. 

Parson Bp Master Tom, WoohingtoD,. D* C., snapping ttirtfe, 

Paugb* Mrs. B.^ Bristal, Va.p opoBsuin. 

Peteraoii, E* G+p ArJlngton* Vbhp American eommon crow. 

Philadelphia Znoingical Societyi Phlladelphiai. Pa«* ocellated ttirkeyp* maUard 
duck (gift}. 

Phillips* ChcBterj and MeComb, Robertp Washingtoiij D. C.p barred owl. 

PrestOftp E.* Washington, D, C.| lesser white-nosed guenon.* 

Putnam, Pat, Belgian Cange* chameleertfl and franoollns. 

Rondelp Capt. Hugh W.p Canal Zone, 3 GaMpagoa IgujmoB, GaL&pagoa tortoise. 
Bccd^ R. W., Washington, D. C.j eardinal. 

Reegan, T* V.^ Waahjngton* D, C.. eastern gray Bqijirrel«* 

Rivercp 0r. Luis BowelL Ilavana, Cuba, hutia. 

Eobej, J. C.p Wasblngtonp D+ C.p g&Iden hajii3ter+ 

RobiiwUp G^rge A.p McPherson | Kans.^ coyote. 

Rosenberg, Louis^ Washington, D. C^i Virginia ratL 
Rettxntind* F. G*! Silver ^rtngp Md*p pied-blUed grebe. 

Rujch, James L.* Wasbington, D. C.* rhcaiia monkey * 

Ryder, Mrs. Stephen, Silver Springp Md., 3 Pekin ducks. 

San Diego ZoologiciU Soolefcy, San Diego, Calif., spectacled bear. 

San tea, Mrs. J.p Wasblngtoap D# C.p skunk. 

Schneider, Mrs. T. F., Dragoon, Aria., glia monster. 

Sharpe, C. J., Takoma Park* Md., Fekin duek. 

ShaWp Harry L., BaUimore,. Md.^ Hamadryos baboon.* 

Sherwood, Harry, WoBhington, D. G.* domeatle rabbits 
Sloan, J. L., Salt Lake City, Utah, 2 ring-billed gulLsp 2 badgej^. 

Smith, hTaeter I>orBeyp Qlfton, V*., skunk. 

Snyder, E. T.* WaabJngtonp P* C.* Pekin duck. 

Snyder* Dr. T. E., Beltaville, Md., snapping turtle. 

Soudcfi Harry N., Waabington, D, C.* brown eapuehln. 

Gplideii! Ronald, Landoverp Md.p pied-baBed grebe. 

Springer, Paul, LitiireL Md.^ gmy'^beeked ihniab. 

Stanley, Mioacs Jeanne and Mary Ann* WaBhingtoUp D. G.. 2 Pekin ducka. 
Steelmanf S/Sgt. Carl T.* Bolling Field, D. C., woodchuck o? ground hog. 

StegcCp Mra. Mary E., Falls Oiurch, Va., 2 grass parakeeta. 

Stevenaon, Mrs. Elva Myers, Washington* D. G., rheaua monkey,* 

Sthmett, Bob, Cftmeron* Mont* cinnamon bear, 

Stogdhill, Howard, Washington, D^ C+p Pekin duek. 

Gtomn, Mrs., Arlington p Va.* American ctow.* 
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Stratcs^ J. E.j Bhowi^ Inc.^ Alfixnndnap Vb,, lion, 

Stnrg^U, David A,* Berwyn, Md.^ skunk, 

Suodnyr Richard^ ArlEnj^tonp Va., eastea^ chipmunk, 

Burlcfl, George L,p WaghingtoUt D+ 0,^ FhlUppIno macAque. 

Swopop Mlaa Alice G,+ Wmahingtonp D, C,p Pekin duck- 
Totmin, Rud F+i Wsahingtoop E, C„ dying Hquiitclr 
TownjiCfid, Mrs, T]^olnM^ Waabliigtonp D, C,p 2 domestic rabbit#^ 

Traub, Maj, Robert, Army Medical Centerp Malaya, 2 bamboo rats, 2 slow loiis, 
Malayan cat, 2 Ca/7o«civrus rtrgFOriridHp 2 gray tree ratSp 2 large spiny-backed 
tree rata. 2 Edward^s tree ratSp 2 Muller^a tree mta^ 2 rajab tree rata, 2 penoiU 
tailed treo rata, BowePa tree ratp Whitehead's tree mt, 

Treffieh^a Bird and Animal Co., Inc,, New Yortp N, V,, 3 grrmt gray ka^l}^a^^^09.* 
TJ- S, Fiah and Wildlife Service, Patiytent> Md, (througli Arnold Nelson), 4 
bobwhites, © oposaums, 

TT, Fish and Wildlife Service^ WMbington, D. G> (through Leon Cool, Jr,), 
2 whistling Bwaos, whlALling swan,* 

C. S, Fish and Wildlife Serviise, WRlon'S, CaliT. (through Voraon Ekedahl], 
10 cackling geese, 

tr, S, Naval Soapital, Dethesda, Md,+ Folond-China hog, 

L, B, Public Health ServicOp Betheeda, Md, (through Dr, H, W, Stnokard), 
golden baboon, 

Veversp Mr, and Mm, London, England, 2 dormice, 

Wagner* Mrs. Henry S,, Front Royal, Va,, 22 canarit^. 

West, Master Davidp and MnnfuiQ, Master Bob, Che%T CImsOp McL* opoeaum^ 
White, Meifl Becky^ Washington, |3+ C., opossum. 

White, MIfiC Inei, WaBhington^ D- C,, Muscovy duck, 

Whitehead, Mrs, Virginia, Washington, D. C,* 2 Pekin ducks, 

Widhant, Mrs, Spencer, Silver Spring, Md., rlng-nccked pheasant. 

WitliamnODp A. A., Washington ^ E. €,* 0 white eload mountain fish, 6 rehra 
Gsh, 5 hcad-and-taa-light GsH, rio tetro, 2 black tetra, South American catRabn 
WLlliamEon, F. S, L,, San Dkgo, Calif,, California king snake, 2 rIossv enakea, 
5 red mttlenip 2 roiiy boasp 3 gopher snakc^F, 2 aUigator lUarth;, Pacific rattler, 
striped racer, 

Wilson, Mrs, Arnold, Washington, D, C„ 2 gniss parakeets, 

WoolTsp Wm, P.t Alexandria, Va,, Pekin duck. 

Wright j Jack, and Davis, Harvey , ArhngtoD, Va,, rcd-bclIied terrapin. 

Young, C, K„ Silver Spring. Md., mccoon. 

ZiOMt A » Washington, D, C,. domestic mbbtt. 

Zoological Society of London, London, England, 4 ChJncao water deer, 1 kiisi- 
mnnse, 2 dprmice, 6 jackdaws, 2 European jays, 2 purple touracous, 1 plover, 
and 2 MoJlorV chameleops. 

BfRTRS AND HATCHINQS 
II an it AU 

qfiw Onmmm Hmmt NumUi 

Amwotrojrv# fervia— ----Aoudad---- 4 

Aotut ___— Owl Of night monkey-1 

AlMi^ atojfroyi -- Spider monkey_^,_,,_,1 

Axiituu'a,----.Ailfi deer^, —- 2 

Bi6o« 1 

Bm tciTfrxis. — Englieh Park, cattle1 

Bm ____ West Highland cattlo>. 1 

«ae90i—-8 
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ft4mf Ckminm nnw 

^ub^ruff bubfffir.________- Wat^r buffalo___ 

CoTn^Jut badrianvi^^^- _Hactrian 

Copi'Om JMfoniio, ________ H titia-„___^ h. _ - - __ 

Ccpbaj(?pbu4 ni^rifron$ ____ Black-fronted duiker,,_ 

Ccrco^i^kfcui ac/Azo^ fudaeut__0 r«n ^uenou-- - __- 

CrrccptfA^ctti oefAiopi ftolueut X C. a. Hybrid grocn gUeuoD X Ver- 

p^ffCryfArUA________ vet griCDDEL...^____ 

CAtncAiff 0 cAzthAiVIo -ChiucMlla_^ __ 

CAMroptu fi bertefuit. ... Pigmy h! ppopotamtitf___ 

C|/cfopu Pigmy or BJllty ant-eater^, 

Dama dumu.,________ Browse fallow deer,,,,__ 

Dama daim ___ White fallow deer—_ 

Ftha tamator X P. c, patagonica __ Hybrid North Ajnericaa X 

South American puma^_ 

Fdhiifftia ______- Tij^tr (Beneal)__ 

O^raffa tamelapardalii N ubinn j^iralTe, , , _ , , , , _ , , ^ 

ffippopol^fmut ampAtbCua. _ Hippopotamufl,, 

Hgdrayoi^i intmti* - _____ ---CliJae«e water deer,__ 

Lon^a f/oma {rnenzeo---_____ Ouauaco..... 

Lama _-...Aipaca.__^__ 

Lemur macaraa _______ Acoumba lem.iir^^_^^^_ 

Firfftmonu*---—_i. Virginia docT_,^_,,__,_._ 

Ondfeii* giajfriy^ ---- Geoffroy's cat. ______ 

OvU cyropa^a___ —MouflOtt-_-_ 

PAlero^V^ cuiain^T_______SLender-tailed cloud rat_,__ 

Raitue ____ Tree rat_________ 

Synctrat cfljfff,Afrlean biifriilo____________ 

ITialiirdo^ moftiitnui X t^rau* middeTtdorJ!__ Hybrid bely-_____ 


nmos 


jlflTifltbcsrT* OCIiJlflfa__________ 

Ana* jflat^rkgntho^^ _ ____ 

Branta canadmne-^^^ _____ 

Cdirina tnatchaia. ___ 

Ftdita ammoind_______ 

< 7 u/fuLi paffuj__^_______________^___^_^__^ 

f7cnaacuff _^ 

Laras noiHifAfiVfandiM__^,_________ 

PdKj criaf£ituj_ ________ 

TaeniQpggiii rasianotis ______ 


OceUated tiirkcy_,_^___ 

bfaUard duck____,_^,__ 

Canada gooso_ ___ 

Muaoovy duck... 

American coot_^^___ 

Tied jungle fowl, 

Nepal pheasant___ 

Silver gul].__.. 

Peafowls*._______ 

Zebra Encb___,_,_^_^____ _ 


KEpTJuaa 


£^qIo/u 4 adomaafeur___ 

EpicraUs cffifA«'i____,__,,_,__,^___ 

NalfxXy ________ 

7V/i0iu nt^efulco,_____ 

TVlifini icintoidet^^ _____ 


Eastern diamond-hacked rat¬ 
tles nake______ 

Raiiil>ow boa____ 

Water yimki;^___ 

Black-barred gkink.__ __ 

Blue-tongucd Bkmk__,,___. 
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XEEDlKO THE ANIMALS 

To feed such a collection of animals with thole TAried requLrementa 
presents a considerabk problem* At the bcgianing of the war* prices 
for many of the green types of food had gone so high that the use of 
such material was almost prohibitivCp although it is essential for the 
well-being of many of the aDimals. Therefore tho Zoo inaugurated a 
system of obtaining from nearby grocery stores the outer leaves of 
lettuce^ cabbage, eaulidowor, and other material that would normally 
go into the refuse. This material is picked up daily and is sorted to 
make certain that it is in suitable condition* Tho animals have 
thrived^ the cost for such green food has been held to a minimuiUp and 
it was thus possibia to keep out of competition for human food when 
such material was scarce* The arrangement has been so satisfactory 
that it is being continued^ 

During the war tho United States MsT^haPa ofGce made arrange¬ 
ments to turn over to the Zoo food that had been condemned m the 
courts as unsuitable for humau consumptioD. That office has con¬ 
tinued to send considerable quantities and many different kinds of 
such food. The Zoo also frequently receives offers from private 
individuals or business houses of food that they wish to dispose of 
without having to go through the court procedure of condemnation 
Thus diventiJied food was received for the anJmab^ which greaiJj 
aided in keeping do^vn the cost of feeding* 

MAINTENANCE AND IMP HOVE ME NTS 

In the lion house many of tho old cages were extensively repaired, 
and a portion of the steam conduit under tho building was repaired 
and improved* Concrete floors wore laid lu the outside cages at the 
monkey house, and 6-in eh concrete slabs were laid between the 
sidewalk and the cages around the atone cat houses, A sidewalk waa 
built from the small-mammal bouse to the walk between tho reptile 
house aud the antelope buildiug. 

By clearing and eiirfacing additional laud^ the capacity of the bus- 
parldng area was increased from 20 to 40 busses* The capacity of tho 
automobUe-parkiDg area also was increased from 650 to 750 auto¬ 
mobiles^ 

For the third successive year the fight by chemical means against 
poison ivy continued^ and very little of lIub plant pest remajos in 
areas commonly frequented by the public. Increased efforts have 
been directed toward impro\Tng the appeitrance of the grounds^ 
earing for the lawns, planting trees and sbrubs, and carrying on other 
gardening work. As a whole, satisfactory progress has been made in 
retuming to normal maintenance. 
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VJBITQm 

The total attendance was 3,346^050, an increase of 305p516 over the 
previous year* *Xhh was the largest attendance in the instory of the 
Zoo and is probably due in part to the continued high emplpynient in 
the Washing ton areftj increase in travel accompanying the general 
economic prosperity, and the frequency with which we were able to 
announce the addition of interesting specimens to the collection* 
The variation in attendance on the different days of the week which 
was so extreme before the war has been much less noticeable amcc the 
war. Formerly early days of the week had relatively low attendance, 
with an increasing number of visitors the latter portion of the week 
and with very large crowds on Saturdays, Sundays, and holidays* 
There ia also a considerable increase in attendance in the earlier hours 
of the day. 


ESTIMATED KOMBEH OF VlETTOaS FOR FISCAL TEAR 1949 


July _000 

AugUAfc- , , ^ ___ 46S, 000 

September-- 33&j OGO 

October.-.- 2^,300 

November-- l®9s 4C0 

Deccniber--__-_ 40^450 

January (10410)__ 1G7| 000 


February. .w- ^ 

m, 700 
245p 300 
375p 500 

^laroh - - - ^_ 

April_ __ 

May^^__,___ 

4IOp 500 

Jurto -- _____ 

mooo 

TotaL-^^^- _ _ 

^310^ 050 


Groups came to the Zoo from schools in 25 States, some as far away 
as Maine, Florida, Texaa, and California. One group of 33 persons 
came from Havana, Cuba* 


HUKQEB or aaonFs fbdu schoci;^ 



KttBibrr 
of iroupi 

Nuinbor : 
luCf^Upri ' 


AluHamft .. 

t 

I9T 

MlsIslppL. __ 

CbtUarabt __ _ 

1 

1^ 

m 

3^ 


CflTLQMlIcut.-,^__ 

4 

vnwVfwt 

Dil*TTLr*.^ =..... .... 

7 

N'artll GafnUEA__ 

Dl»tf tet of OafufflhlA._____ 

m 

7,P» 

Ohio. 

ricic-Lda: , 

t 

cm 

r^dJuylTUldL __ 

as 3 ^ 7 -:":-::rT- 

4» 

] 

t,m 

21 

S^lh Cui^Uoi,.,-^._ 

Tmiwlmi ......___ 

lodfuu. 

13 

B 

451 

ViFsiiila_ _ _' 


S91 

W«t VErifils.... 

Afidm. .. 

13 

174 


MfliybiMl.... ___ 

£2S 

33; SM 

TglAJ £3(41491... 

MMAncbuialUi...... 

7 

37i 

l^airjuui^ Cohn _ 

UlflUpa— 

Ulniudatk - ^ ^ 

li 

a 

m 

7S 

TWb1_,.._ 






Kumber 

Numbif 

ofimipt 

Inizwips 

2 


33 

J.3TI 

9& 

6^5S1 

IL4 

£.330 

47 

l.fl^T 

3i9 

1^261 


J,U9 

S 

1.4fia 

wa 

19,313 


H» 

1,^ 

85pW 

1 

33 

Ip&H 



About 2 p, nip each day the cars then parked in the Zoo are counted 
by the Zoo police and listed according to the State, Terrilory, or 
country from which they came. This is, of course, not a cemud of 
the ears eoming to the Zoo, but is valuable in showing the percentage 
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of attend aiico, hy States, of people in privato automobiles, 
tabulation for the fiscal fear 1049 is as follows; 


WaflblDfctoD, D. 
vIbheI^ ^ 

pFfunl 

.. 2a 4 

Ohio_ 

West Virginia- 

Virginia. ,, - 

__ 20. ^ 

New Jeraoy_ 

1 "V 

44 

Massachuaetta 

New York-,__ 

_ 2,5 

FlarkLa . 

North Carolina- 

_ 2.0 

Calilomia 


The 


Prrttai 

L7 

1.4 

hS 


.9 

.S 


Tbe cars that made up the remaining 10.30 peroont came from 
eveiy ono of tbe jcmaining States, as weD as from Alaska, Babainas, 
Canada, Canal Zone, Chile, Cuba, Guam, Hawaii, Honduras, Italy, 
Japan, Mexico, Kotberlands, Newfoundland, Poland, Puerto Rico, 
Sweden, Trieste, Trinidad, and Virgin Tslands. 

It is well known that Disfxict of Columbia, Maryland, and Virginia 
cars bring to the Zoo many people from other parts of the United 
States and of tbe world, but no figures arc available on which to base 


percentages. 


finances 


The regular appropriation provided in the DklHct of Columbia 
appropriation act was ¥492,600, and there waa a supplemental oppro- 
priation in the second deficiency bill of $36,24S to provide for the 
increaeod aalaries of ¥330 per annum out bonded by Congreea. Of 
tbe total of $538,348 which was available, about 811,474 will remain 
unexpended, sublect to minor changes in final bills. This saving 
waa mainly from saJaries because of tbe impossibility of fil ling posi* 
tions promptly. 

The stone restaurant building, which was constructed in the park 
in 1040 uuder an allotment of S90,M0, is under a 3-.vear lease obtained 
by competitive bidding at ¥10,212 per annum. This money is de¬ 
posited in the general fund of the United Slates Treasury. The 
concessionaire serves meals and light rcfrcsliments, and sells noveltica. 


REEDS OF THE ZOO 

The chief need of the Zoo is for the replacement of antiquated 
structures that have long since ceased to be suitable for the purpose. 
The more urgently need cd build mgs are; (1) A new administration 
building to replace the 144-year-old historic landmark now in use for 
an office building for the Zoo, but which is neither suitably located nor 
weU adapted for the purpose. This buUdmg is in an excellent loca¬ 
tion for a pubBc recreational structure, and could probably be rehabili¬ 
tated and used for recreational purposes, perhaps as a children's 
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muGeuiii, and thua maintained as a Hstorio building. The new 
office building should be better located both from the standpoint of 
accessibility to the public and convenienco for the administration of 
the Zoo. (3) A new building to house antelopos and other medium* 
size hoofed animals that require a heated building. 


or niH couiEcrTioir 


C1 a» 

Sp«i« 

IndEvSd- 

UIIlU 

CIa» 

BlKdH 

Individ- 

iiAii 

Munmnlp 

ms 

7^0 

CroiltcMiu 

1 

j. 

Blnla...__ ........... 

SiA 

Lfilt 


2 

a 

Rtpcllot.... 

m 

flOQ 



]W 

^EnphfbTona. __ __ 

la 

lai 

___ _ 

Mftiimtt_-_ 

3 

S 



m 




. 

Total..- 




ADUMAht 

AzifmAlson hand July I, ____ 2. 7S7 

AcoessMiia duiitig the ________1, 751 


Total number of auiiuala lo oollec^fon duriog tbo yeai--__ 4, 548 

Removals for various reasons suah as deaths return of animals 

on deposit^ etci_,,^_______ S24 


Jn collect ion oo Jims 80, 1&40____ 3,724 

Hespectfullj subnutt^^ 


Dr^ A. WZTMORE^ 

Secretaq/^ Smithsonian InstifuLwn. 


"W^ M. Mann^ Director^ 



























APPENDIX 8 

REPORT ON THE ASTROPHYSICAL OBSERVATORY 


Sir: I haTo the boDor to submit the following report on the opera¬ 
tions of the AstropbysicaL Observatory for the fiscal year ended 
June 30, 1949: 

The Observatory includea ta'o research divisions: (1) the Division 
of Astropbyaical Research, concerned cbieDy with solar radiation 
problems, and (2) the Division of Radiation and Organisma, con¬ 
cerned anth tho biological effects of radiation. 

During the year a new room adjoining the Director’s office was 
built for the administrative assistant and for the files of the Obeerva- 
tory. The resulting consolidation of needed Information nsar at 
hand has materially improved the efficiency of operation. 

Considerable progress can bo reported concerning the new revised 
editions of the Smithsonian Meteorological Tables and the Smith¬ 
sonian physical Tables, mentioned in last year’s report. R. J, List, 
editor of the Meteorological Tables revision, had practically completed 
his manuscript at the end of the fiscal year. The difficult task of 
revising the Physical Tables, the last tevbion of which had been issued 
in 1934, was begun in September 1948 under the direction of Dr. 
W. E. Foiaythe. An office in Cleveland, Ohio, and an assistant were 
furnished to Dr. Forsythe. At the close of the fiscal year he reports 
that approximately one-balf of the tables for the new edition have 
been completed. 

ct) DIVISION OF ASTEOPBTfilCAL RESEARCB 

Previous to 1946 the Observatory had for many years maintained 
three high-altitude field stations for solar-conatont observations. In 
1946 tho Tyrone station, which for 7 years had been operated on 
Burro Mountain (altitude 8,000 ft.) in southwestern New Mexico, 
was abandoned because skies there had progressively deteriorated, 
mainly the result of increasing mining and smeUitig operntioos in that 
general region. As a temporary measure, to aid in certain studies 
referred to below under contract with the Quartermaster Corps, the 
Tyrone station equipment was tranoferred to and installed at Miami, 
Fla, Since then much effort has been spent to fiad the most suitable 
location for a third high-altitude field station to replace tho aban¬ 
doned Tyrone mto. In last year’s report we mentioned that after 
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careful mTcstigation three promising aiLea bad been chosen for further 
study and that in May 194S a recording Eppley pyrhehometer was 
ins tailed at each of these sites^ namely p (1) TorredUp Coahuila^ 
ico^ (2) Moimtain PasSp near Clark Mountoinj California; and (3) 
Pohakuola, Hawaii. The three pyrheliometers were operated for a 
period of 1 year, ending June 1949. The resulting records indicate 
the uniformity and the quality of the sky for each day during the 
period. It La dear from the records that the best ekiea prevailed 
at the Clark Mountain location. The second-best site was Poba- 
kuola. This spotj 6pM0 feat above sea level on the Island of Hawaii, 
yielded eome records of unusually clear and uniform skies, but such 
skies were not the rule. At Clark Mountain, during the period 
Juno 8 to March 31, there were 171 days with ekies sufficiently good 
for satisfactory observations, while at Table Mountain, Calif., during 
the same period actual observations were made on 13S days. From 
studies of these records and other sources, it appears that the Clark 
Mountain region is in general considerably drier and more free of 
haze and clouds than any other high-altitude location at present 
known in the northern hemisphere. 

In view of this, ^timates were obtained of the cost of establishing 
a held station at an altitude of 6,590 feet on the south slope of Clark 
Mountain. Owing to the prevailing high prices for building materials 
and labor, the estimates proved to be in es^cess of available funds. 
It is hoped that aulHcient funds may become available, but pending 
this the Observatory plans immediately to erdargo its facilities at 
Table Mountain sulhciently so that it will bo possible to proceed 
without delay with the special e.vperinieatal problems mentioned in 
last yearns report. 

Work ai Washingtmi. —H* Hoover, Chief of the Division, in 
addition to supervision of the work in progress, prepared data and 
tables which will help to simplify the computations in the held, in 
the past, to obtain tho air mass Cor length of path of the solar beam 
in the atmosphere) it baa been necessary to plot carefully a series 
of theodolite raadiugs ogaiosL time, to read oS desired altitude values, 
and finally to enter an air-mass-oltitude table. With tlie aid of 
Hoover^fl data, tho observer, by reading the Lbeodolito at specified 
intervals, may cuter the tables directly io determine the air 
This eliminalcs tho tedious curve-plotting process. 

A new insirumeut, designod by Dr. John Evans, of the High 
Altitude Observatory of Harvard Univoraity, and described by him 
in the Journal of Uio Optical Society of America, December 1948, woe 
kindly lent to the Astrophyalcal Observatory by Dr. Menzel of Har¬ 
vard University to test and to determine its adaptability to Smiths 
Bonion work. The mstrument is a photometer especially designed 
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for dtiterminiiig the brightness of the sky immediately suETOimding 
the sun, Ezeellent results have been obtained with it at the Harvard 
Station at Climax, Colo, It is of considerable interest to compare its 
readings with simultaneous readings of the Smithsonian pyranomotcr 
which also measures the brightness of the sky in a zone around the 
sun. In preparation for comparison tests a rigid mounting has been 
prepared for the instnunent with dow-motion adjuattncnt in altitude 
and azimuth. 

During the fiscal jear^ two silver-disk pyrheJiometers^ Nos, SO and 
SI, were built, calibrated and sold at cost, one to tho Hebrew Institute 
of Technology, Haifa, Palestine, and tho other to the Dublin Institute 
for Advanced Leaming. in addition two modified Angstrom pjrheliom- 
eters and one special instrument for the spectroscopic determination 
of atmospheric water vapor have been prepared for the Belgium 
Meteorological Institute. These were nearly completed at the end 
of the year. 

Dr, C, G, Abbot, resoarch associate of the Observatory, continued 
his studies of the dependence of weather upon solar changes, Thia 
work has been published iu Smithsonian Miscellaneous CoUactions, 
vol. 1 ] 1,^ Nos, S, 6, aud 7, Dr* ATctOft"^'a studies of solar and terres¬ 
trial atmospheres were retarded by lUneSj but his work was resumed 
before the close of the year* 

M^orJt in ikejieid. —Daily obserrations of the solar cori,4iant were 
in progress throughout the y^ar, as far as skies permitted, both at 
Montezuma, Chile, and at Table Mountain^ Calif, The skies during 
the year were apparently normal at Table Mountain, but at Monte¬ 
zuma the observers noted an unusual number of days with light cirrus 
clouds. 

Early in the year Mr, Hoover carried tho Observatory's substandard 
silver-disk pyrlidiometcr S, L No, 5 to Miami for direct compari^na 
ivitU the pyrhcliometerB at that s tat ion. In February 1942 1 in the 
course of changing the personnel at Montezuma, Chile, substandard 
S* L No, 5 was carried to Montezuma by the new Montezuma ob¬ 
server, and brought back in April by the retiring observer^ after inter- 
compari^ns had been made in Chile, Tho previous year S, I, No. 5 
had boon carried to Table Mountain by the director for similar inter- 
comparisons* Thus there are now very recent direct comparisons 
between all field pyrhehometers aud substandard S* I, No. 5^ which 
in turn was carefully compared in 1947 with the absolute water-flow 
standard. These many intercomparisons show no material changes 
in constants. They satisfactorily confirm the adopted scale of pyr- 
hehometry. A revision of Dr, Abbot's paper of 1922 on “The Silver- 
disk Pyrhcliometer” is in preporation, summarizing the constants of 
nil eilver-difik pyrhdUometeri, and describing certain changes which 
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have beau adopted in recent yeare^ both in the lEifitrimient itself and 
in the method of me. 

In June 1945 special radiation measurements were started at Camp 
LeOp Va.p undor contract ^dtb theOlhceof the Quartermaster Generalp 
in connectioa with their long-range study of the causes for the deteri¬ 
oration of tents and tent tnaterJala. This contract has been renewed 
each year since then, and the work has now extended to indude similar 
radiation measurements at Miami, Fia., a wet^ sea-level station, and 
at Montezumap Chile, a dryp high-altitude station. The Observatory 
completed the Camp Lee measurements January 1* 1948, and since 
then they have been continued by the Quartermaster Board at Camp 
LeCp with the Observatory acting m an advisory capacitjp and givirig 
assistance when difficulties arise. The measurements at hfiami^ 
begun in December 1947^ have continued throughout the present 
fiscal jear^ Similar radiation measurements and textile exposures 
wore begun at Montezuma, Chilop in December 1948, and wiD continue 
apprexiniatelj 2 years. Five reports to the Office of the Quarter- 
m osier General were made during the year suriiinarmng^the data 
obtained at Miami and at Montezuma. 

In January 1949, the Director visited the Miami field etatioup to 
inspect the work in progress. While there he obtained special holo¬ 
graphs showing the absorption effects of known quantities of water 
vapor in the atmosphere. Measurements of these holographs con¬ 
firmed the correctness of precipitable water curves which Mr. Fcnvle 
had determined in earlier work at Washington and which have since 
been used many times in our solar-constant program. This work is 
discussed in Smithsonian Miscellaneous Collections, vol. 111, No« 12, 
soon to be issued. 

t2i nmsiON' OF radiation ako oroanisv^ 

(Report prepared bf Dr. R. B. Withrow) 

The work of the Division for the post year has been concerned 
chiefly with reorganising and reequippiDg the laboratories* New 
office space has been established in conjunction with the basement 
laboratories. Tiiese offices have bean furmshad with desks and eases 
and wiU accommodate a maximum of nine individuals. 

Moat of the laboratories have been repainted and are being re¬ 
equipped with modem lighting facilities. The laboratory furniture 
has been recondirioned and new metal furniture ordered to supplement 
that already available. 

Five rooms are being converted into constantrcondition rooms for 
biological experimentation with equipment for controlting the tem- 
peraturOp bumidityp radiation^ and nutritional environment. 
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Four chemistry laboratoriea will he availablep includiiig a genorai 
laboratory^ a balaoce room^ a dark room held at room temperature 
for pigment analyeeSp and an meidateid and air-conditioned dark room 
controlled at 0* C. or above for protein and enzyme analyses. 

In addition^ a photographic laboratory p a room for X-ray facilitiesp 
a cytology iaboratory^ aji electronics laboratoiy, and two general 
Jaboratoriefi are being set up^ all of which are being designed with 
now plumbing to supply gasj compressed air^ and water, and with 
new electrical power ouldeta- 

The Research Corporation has very generously made a grant to the 
Division for reequipping the laboratories with modern experimental 
facilities and for work on the mechanism of visible radiation on growth 
processes in plants. The Division also has been assigned a contract 
by the Chemical Corps^ Department of the Army^ providing funds for 
personnel and equipment for research on the effect of growth regula¬ 
tors on metabolic activities of plant tissues. 

Respectfully submitted. 

L, B. ALDEiCMr Director. 

Dr. A. WETWoniip 

Secretary^ SmiOi^oniaTi Insiiiidwn, 


APPENDIX 9 

KEPORT ON THE NATIONAL AIR MUSEUM 

Sir : I bare the booor to submit the following report on the opera¬ 
tions of the National Air Museum for the fiscal year enfied June 30, 
1049 , 

INTTIODUCTION 

This year, the first full year of the National Air Museum as a 
bureau of the Smithsonian Institution, was one of many activities. 
In addition to normal museum operations, the bureau was concerned 
especially \rith the return from England of the Wright Brothers* 
renowned aeroplane, the Kitty Hav}k\ with the acquisition and man¬ 
agement of a field storage fscUityj with the accession of the U, S. Air 
Force aircraft collection; and with the basic study and planning for 
a aite and building for the aeronautical collections. 

Early in 1948 tho Institution was informed that the late Dr, Orville 
Wright had expressed the desire to present the Kitty Kavik to tho 
United States National Museum and that the executors of Dr. Wright’s 
estate would institute tho necessary legal action to bring this about. 
Prior to tho receipt of this news the SmithBonlan had cfTcctcd the 
administrative transfer of all aeronautical museum activities and ex¬ 
perienced personnel from the National Museum to the newly estab¬ 
lished National Air Museum. Thoroforc, in order to have the expert 
assistance of the Air Museum stall, the Secretory, through the 
Director of tho National Museum, delegated to the Nallonal Air 
Museum the responsibility for tho reception, exhibition, and preserva¬ 
tion of the Wright plane. The details are indicated under Curatorial 
Activities presented later In this report. 

Negotiations begun last year with the U, S. Air Force to acquire a 
storage depot for tho Air Museum were successfully consummated on 
November 1,104$. On that dato the bureau was granted occupancy 
of 267,475 square feet of floor space within building T-6 of the former 
Douglas Aircraft plant at Chicago Orchard Airport, Pork Ridge, Ill., 
and installed a field organization to operate tho fheilily. On the same 
dato the Museum asaumed tentative custody Cponding inventory) of 
the large aircraft collection stored in this building by the Air Force 
and on May 1, 1949, upon oomplelion of the inventory, assumed full 
responsibility for its preservation. 
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Along with th^se several cjjtra actiritiee the bureau oontitiutd, with 
tlio Office of Dcaign and ConstructioQ of the PubUo Build Jogs Ad¬ 
ministration^ thfl further study of sites and a building for the Museum. 
This was dona In accordance with the recommendation of the Adrieoiy 
Board. The result of the study is recorded later in this report. 

No changes were made during the year in the departmental organi¬ 
zation of the bureau except the occasional employment of temporary 
clerical help. This was especially necessa^ in connection with the 
reception and exhibition of the Wright Brothers" aeroplane^ The 
bureau found it difficultp on the other hand^ to fill several poaitlons 
nYailablo at its field storage facility because of the higher wage scale 
prevailing in the Chicago area for cornparable work. As a reaultj 
the work program planned for this field organization was not fully 
carried out. In all other respects the bureau completed the year in 
good condition. 

ADVISORY BOARD 

In April of this year the Board experienced a change in memberahip 
as a result of the retirement of its U* S- Air Force representatiye, 
Maj* Gen, S* M. Powers. General Powers had aerved on tlio Board 
since its inception lata in 1946, hanug been designated to the office 
by General Spaatz. Ills wise counsel during the formative days of 
the establishment of the National Ah Museum was most helpful. To 
succeed him on the Board, Gen. R. H. Vondenberg, Chief of Staff, 
Department of the Air Forcej designated Maj. Gen. Grandison 
Gardner who met with the Board for the first time at ite mxih meeting 
in June 1949. 

During the year three meetings of the Advisoiy Board were held 
in Washington, on August 26, 1948, December 2D, 194S, and Junn 29, 
1949. Deliberations in these meetings were directed principally to¬ 
ward the advancement of the Air Museum's major projects, namely, 
the acquisition of a building site and a suitable museum building in 
the Washington area. 

As directed by the Board at lU August 194S meeting, the study of 
a suitable museum building was continued Hds year in cooperatioTi 
with the Public Buildings Administration. 

STORAGE OF MUSEUM MATERIAL 

In accordance with a resolution adopted by the Advisory Board 
last year, the bureau completed negotiations on November 1, 1948, 
to take over the storage operations of that portion of one of the former 
Douglas Aircraft buildings (T-C) at the Chicago Orchard Airport, 
Pork Ridge, IIL, containing the collcclion of aeronautical museum 
material stored there by the United Stat^ Air Force for the National 
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Air Muaeuin, Some additional floor apace within iUia building^ ad¬ 
jacent to that containing the Air Force ooUeeUon, together with two 
two-floor structures erected therein and suitable for ofEce use, was 
acquired at the same time. 

Immediately following this transaction the bureau Installed a field 
organization to operate tha facility, consisting of an associate curator 
in charge, an aircrafti technidan, and a guard force to patrol the area 
24 hours a day. Until February 1, 1949, the military personnel of the 
Air Materiel Command of the U. S. Air Force, which had been 
detailed to care for the Air Force coilectionj remained on duty to assist 
the bureau’s organization in readying itself to assume Sts responsibiU 
iti^. With this accomplished, three programs of work were initiated: 
( 1 ) The rearrangement by classes of the aeronautical tnaterials packed 
in boxes and crates; {2) the cleaning and sealing of all openings of 
assembled aircraft and rust-prooSng of component parts; and (3) 
the mspection and inventory of all items composing the collection 
preparatory to its transfer from the Air Force to the Air Museum. 

On May 1, 1940, the inventory was completed and the transfer was 
effected of 1,3G6 aeronauticai objects including 97 aircraft to the Air 
Museum. Tho preserration work was in progress at the cud of the 
year. 

While these activities were in progress the bureau took steps to 
provide the maxim um protection of the materials in storage. In 
addition to the acqubition of band Arc axtingubhera installed in fixed 
positions over the area and of larger extinguishers mounted on hand 
trucks, an inter communicating system was selected and a contract 
let for its installation at 12 stations dbtributed strategically over the 
Museum's storage area. This will enable a guard on patrol to com- 
ntUDicato quickly with the adminislralion office in any emergeuey. 
The bureau also designed and contracted for the ccnstniction and 
erection of a high wire fence to enclose the major part of the area. 
These projects were in progress at the end of the year. 

PLANNING 

MnsEUlI SITE ANU BUILPING 

During the year the bureau continued the investigation of sites and 
a building for the Air Museum. For this purpose it had the valuable 
cooperation of tho Federal Works Agency, Public Buildings AdnuniB- 
tration, Office of Design and Construction, through an arrangement 
involving the transfer of funds. 

Planning and designing a museum build!tig for aircraft end aviation 
collections involves factors not usually encountered m museum strui> 
turcs. For e.xample, although the history of practical aviation spans 
a comparatively short period of years, the steps in its development 


SECEETART'B REPORT 


117 


are many. ThereforCp there must be imposed limitOitiona of selection 
of materials of both historical and technological significance not only 
to avoid incomprehensive public displays but also impractical housing 
requirements. The aeronauiicsJ collections will include material 
both of small and uncommonly great dimenmona and weight. Ex* 
pcrience indicates that approximately SO percent of the total aTailahle 
door area of a technical museum structure is required for its mainte¬ 
nance and operations services and that for the safety of the Yislting 
public ample passageways must be catabtished in all exhibition areas. 
It can be readily understood that these requurementa neeeasitato a 
compromise between the ideal and a realistic aviation museum buiding. 

Both the Advisory Board and the bureau's staff gave careful atten¬ 
tion during the year to factors euch as these which brought about a 
number of changes in the plans originally developed last year, 

CURATORIAL ACTIVITIES 

The curatoii Paul K Garberp reports on the yearns work as follows: 

At the beginning of the fiscal year the staff was moved into new and 
improved quarters which provided more facilities for the expanding 
personnel. Office and shop equipment were acquired, an efficient 
procedure for handling correspondence was adopted^ and added space 
was allocated to the library^ the reference files, and the photographic 
hies. The constant efforts of the staff In the maintenance of the 
exhibits are reflected in the improvement of individual displays, but 
the extreme ovcrorowdii^ in the present Aircraft BuUdiug and the 
Aeronautica! HaU assigned to the bureau in the Arts and Industries 
Building has approached the danger point to both visitors and apcci-^ 
mens. As a resuUj the addition of large exhibits has been brought to a 
standsUlL Happily^ the facility at Park Hidge, 111.^ provides for the 
storage of material which might otherwise be lost to the Museum. 
Only by the acquisition of a pennanent building for the Museum in 
the Wasliington area can this situation be corrected. 

EXHIBITION 

The outstanding sccompUahmeiit of the year was the receipt of the 
Wright Brothers^ aeroplane of 1903 and its exhibition and preparation 
for the presentation ceremony on December 17^ 1948, the forty-fifth 
anniversary of its historic flight. The curator was aasigned tho 
pleasant duty of representing the Smithsonian in meeting Dr, Herman 
Shaw^ Director of the Science Museum, Loudon^ and of accepting 
from him at Halifax^ Nova Scotia, custody of tho aeroplane. This 
waa effected on November 12^ and following the transfer of the aero¬ 
plane from the S. S* MaureUinia to tho Navy Carrier U. S. S. Pahu, 
the curator accompanied tho plane to Bayonne^ N. saw to its re¬ 
loading on a Navy truck and accompanied the truck convoy to the 
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National Musaum. There tho Spirii of St. L&uu had be^sn moved so 
that the two noted aircraft could shore the same North Hall of the 
Alts and Induatriea Building and, with the assistance of photographs 
and drawinga prorided by M. J. B, Davy of the Science Museum, the 
KiUp Bawlt wm assembled, Some details of the engine and Lrans- 
mission were installed froni sketches and photographs furnished hj 
Charles Taylor* the metbanic who assisted the Wrights in the orighial 
construction of the plane and engine. The aeroplane was suspended 
in the front of the hall with cables and splices donated by the Jacoel 
Equipment Co. At the ceremony of presentstion, the ''^Early Birdsp" 
the association of pioneer pilota, many of whom had been trained by 
the Wrights, were among the honored guests, A number of them have 
eince augmented the KiUy Sda;Jt exhibit by donations of their own 
records and relics. Acknowledgments are also made to the Air Force 
Technical Museum and to S, Dunhamp Dayton, Ohio, for photographs 
and dramngs for addition to the Museum^s reference and exhibition 
material on the Wrights. At the close of the dscol year progress is 
being made on an auxiliary exhibition case to be placed under the 
Kiity Uawk in which the story of the Wright Brothers will be told in 
detail. 

As the National Air Museum progresses, its purposes and services 
have btK^ma better knoftii, and very helpful cooperaUoa bae been 
received In the matter of accessions. The following examples are 
outstanding. The presentation of Alford Williams* renowmed Gulf- 
hawk-2 October 11,followed an impressive flight-demonstration of the- 
remarkable acrobatic combination of pilot and plane. The Gulf Oil 
Company formally presented the airplane at the National Airport and 
soon after,^ Major Williams' technician, Frank Tye, who had main^ 
tained the plane in splendid condition throughout its 12 years of stren¬ 
uous flynigp assembled it in the Aeronautical Hall. The Department 
of the Navy, Bureau of Aeronautics, repaired and transferred a Jap¬ 
anese Baka Bomb to the Museum and provided, as auxiljELry material, 
examples of both jet and rocket engines used in these *%uidde planes*” 
The collection of scale models which reviews the evoltirion of aircraft 
used in Naval service was improved by 10 recent types received from 
manufacturers who produced the original planes for the Navy. Thu 
Department of the Navy assisted also in the special aimlverBary cele¬ 
bration hdd in the Aircraft Budding to eoznmemorate the thirtieth 
aniuvcrsory of the first trans-Atlantio aircraft flight made by the 
NG-4- An dlustratcd description of this Curtiss-budt flying boat, 
tlie hull of which is in the Museum, was prepared by the stafl and 
printed by courtesy of the Curtlss-Wright Corporation. Speakers 
Included Vice Adm. John D. Price, U. S. N*,aud Capt. Holden C* 
BiohardBon, U* S. N., Ret* 
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The first RondablD Autogyro^ transferred from the CiFilAeromu tics 
Adminlstrstioii, reconditioned by them for museum purposes. 
In the provioua roport^ tho Bervices of the Air Force were acknowledged 
in moTing tho Army Curtbs Eacer from the Aircraft Building to the 
Aeronautical Hall—a movo made necessary by r®trictod space. Thia 
ycar^ tho plane isras equipped with the original floats with which Lt, 
{now General) James Doolittle won tho Sclmeider Trophy Race in 
1925. The bradng wires for this restoration were kiEidly proirided 
by tho Mac Why to Gornpanyj Kenosha, Wb. Valimblo assistance 
w'aa received this j'^ear from tho Air Force in unloading and nmunling 
four large crigincH donated by the IVjight Aeronautical Corporation, 
in eovering with Plexiglas the sides of tho DeHavUlaiid-4 and Gen. 
William Mitclibli's Spad~l6, and in replacing tho windows in the first 
notistop transconLinentoJ airplane, tho T-2. 

The oshihit which illustrates the accomplishments of John Joseph 
Montgomoiy of California, a renowned pioneer of gliding whose first 
gliilos were maclc in received adchLions through tho cooperation 
of the Montgomery family^ the San Di^o Junior Chamber of Com- 
mcrce^ and the biographer, Winsor Josselyn Tlirough the generosity 
of tho Firestone Tiro and Rubber Company, the wheels on tho Voisin 
l>ombor of World War 1 wore equipped with tires. In the auxiJiaiy 
exhibit which accompanies tho Flagplane of the First World Flight, 
the group of portrait sculptures were renovated by its sculptor, Joseph 
A. Aichrson, and tho stercopticon story of this flight was reii^Hivated. 
A special exhibition of model aircraft as floivn by hobby euthusiaets 
was prepared in August 194S during the period of the national show 
and contest* Improvements were made in the display of Col. Charles 
Tindborgli^s accessories and flight clothing. Extonsive clcaningi 
rearrar^ngj lahcling, and repairing have brought the oxbibits to a 
condition belioved to ha as prasontable as the crowded conditions and 
work program permit. 

Special axhibitions arranged by the staff and involving the use of 
Museum material away from tho bureau Lnoluded a group of coses 
set up by Bolling Field for the Air Force anniverBory on September 18, 
containing engines, models, and relics of the military air arm; and iho 
loan of tho original Liberty engine and modeU of hisioric Air Force 
planes for the technical exhibit and air show held at Andrews Field, 
Maryland, Fehruaiy IS. 

STORAGE 

Among the numerous aircraft installed this year in the Musoum*s 
storage facility at Pork Ridge, 111., was the Swoon^ RoiA-n there under 
its own power. This historic B-17-D bomber had served throughout 
World War II from BatJian to the defeat of Japan. Completing its 
mditory career as the oommand plane of Gen- George H. Brett, Uie 
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Swoose wns acquired by Lbo city of Los Angeles as a war men^oriaL 
In I94S tbe city, tlirotigh Mayor Fletcbcr Bowron, prosentod the plane 
to the National Air Musoum, and with tbo cooperation of Grover 
Loening and Maj. Gen. E. M. Powders of tho Advisory Board, arrange¬ 
ments were made for tho rccondjtiomng of the plane by the Air Force, 
in dm time this was accompUshod under tho (Ureclion of the Swoosh's 
wartime flight engineer. Captain BoonOp and in April 1949, with its 
w^artinic pilot, Col. Frank KtirtK, at the controls, the piano w'as flowm 
to tho Chicago Orchard Airport and delivered there to tho ilusoum-s 
fltorago facUity. The Air Force cooperated not only in this spoctncular 
delivery but also in the tremendous project of transferring ita huge 
collection of trophy aircraft and accessories to Musoum custody* 
Tho screening, cataloging, and arrangement of this stored collection 
at Park Kidgo was under way as the year closed. 

Tlio historic and trophy aircraft and engines which aro being 
assembled for the Museum by tho Department of the Navy are 
stored at Norfolk, Va. During the year tho curator mspeoted this 
facility, chocking the oondilion of tho ^dngs and other parts, 

the Japancflo "Emdy,*" the Gorman Dornier 335 which had recently 
been moved there, and the servko types which are in “canned"* con¬ 
tainers. All were in good condition. 

Acknowledgments aro made to Eastern Air lines for earmarking 
one of its first DC-3 "a for the collection, to the Civil Aeronautics 
Admiiuslration for resernng its famous Boeing 247-D for the Mu¬ 
seum, and to the Marlin Aircraft Compjuiy for the gift of a half-scalo 
flight protot^qse of the PBM “Mariner." Thcaa wjU bo stored tem¬ 
porarily by rile donora. 

INFORMATIONAL SERVICES 

Interest in the Museum is widespread, and its services to the 
industry, Government departments, students, research workers, his¬ 
torians, authors, craftsmeUi and the air fraternity in general are daily 
becoming more in demand as reflected in the numbei^ of inquiries 
and requests received by letter, personal visit, and telephone. Radio 
programs in w'hich the Museum participated included, Information 
Please, We The People, and the Air Force Hour. The curator told 
the story of the Swoosh over the radio both in Los Aiigoles and Omaha, 
and television programs iilustraLcfl the Kitty Ilawk^ Chilfkawk-£f the 
NC-4t the Museum's model coUectioa, 

Tho Bureau of Ordnance, Department of the Navy, borrow’ed a 
number of the Museum's scale models to be used as patterns for re¬ 
search problems; tho Interior Department w^as assisted with aero¬ 
nautical details in some of its museum dioramas; the Public Schools 
of the District of Columbia received help in conducting their aero- 
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DEUticAl courses ; and Pan American Airw ays was loaned pbotographs 
of SauLos-Diimonfs airships for use in its publicity displays on Brazil. 
The historic sections of the Aircraft Year Book wore compQed writJi 
help of tho Museum staff; BcUnian Archive received identification on 
a ^roup of unlabclcd photographs of airplanes; the Prewitt Aircraft 
Company used the Museum's reference files during their search for 
details of rotary aircraft; and tho United States Chamber of Com¬ 
merce and tho Cahf.^ museump received assistance in display¬ 

ing exhibits. 

Atiolher edition of the Handbook of the National Aircraft Collection 
was issuedp embodying changes which bring it up to dale. This is 
the eighth printing of lOjOOO since the first issue in 192S. During the 
year the curator lectured on technical and libloricoi aspects of Dight 
and the progreiss of the National Air Nrusoum to the Aero Club of 
Washington, the Air Transport Association^ the "90crs” association 
of w^omcn flyers^ the Washington Association of Building Superin- 
tondentSp the Civitan Clubp several local fraternal and church groups, 
and served as judge of scale-model craftsmanship at the National 
Capital Air Show'^ and at a kite contest held by local units of the 
Boy Scouts. 

In conducting its informational ssr vices the a tail acknowledges the 
help given by membera of the "Early Birds/' collectorts of aeronautical 
photographs and clipping scrapbooksj pilots^ manufacturers, oirmeDi 
and many others who donated reference material to tho Museum's data 
files and library'. These helpful source data arc assenibled and readily 
available for serious study. 

SUliVRY 

The survey over the Nation of aeronautical materiala of tcclmJcal 
and historical significance was continued during Uio year. Much ol 
the w'ork was conducted by staff correspond ence. Frequentlyp how¬ 
ever, it became nccoasaiy to undertake direct investigation and study 
of suggested nialerial and consultations witJi those acquainted with 
the material. It was in this conncctioiip primarily, that the following 
visits away from IVashington were made by the gtaff: 

Middletown, Pa.. Olmalod Air Foftfl Base, July S3, by associati^ curator Robert 
C- to eKamiiie a groop Japanese tropliy airplaaa$ which hod been 

evaluated and tested, 

Bunalo, N. Y., Airport, August 31. by associate curator Stophoa L. Been, to In- 
spoct two Curtlsd ecgiaea used iu early KavaJ airendt and two FraDch eagines 
of World War L 

Roosevelt Field, Long fslaed, N. Y., and East Orange, K* X, October by 

the curatorp to eiaiolae a group of historfo AmericAu, Eagliih, and French 
airplane* and to deteftainE the ayfiHahility of a Benolat afrpLauo of 1011 
HaliTaap Nova Scdtia, November 0^22, by tho curator^ to obtain the Wright 
Brothere’' aeroplane of 1003. 
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Los AiiEelee^ Golir.,, ti^kwoocl FitJd^ ajid M&rcti Fields January l9^£0p by tliu 
curator, to receivep recondition, and te^C bop ibo Boeing B-17^I> bomber 
SitooM. 

Aberdeen and Baltimore, Md.^ March 15, by Mr. Beors, to fnapect Airemft anil 
obtAin A acaJo model of tbo Martin bomber^ type MB-1 of 1918. 

Jackson Ceiiterp Ohio* May 28, by Mr. StrobcU, to armngo rcoeipti and shipment 
of Benoiet airplane. 

Laiigtey Field, Va., May 23-25j by the curator Atid Mr, Beersg to Attetkd the 
Naiioiiat Advisory Committee for Aeronautica conference and ina|>ect 
material of mueeum slgniiioauoe. 

Miami, Fla.^ June 15-18, by Mn BecM, to attend Eaaterti Aarllees conference and 
Inspect equipment and aircraft mode Availal^le to tlie Museum. 

Numerous trips wore made by stair membera between iLa base and 
field units in connection wJtb nieJiAgement ot the storage area and 
procurement and placement of acccssiomt. 

ACCESSIONS 

New acoesaioTiB totfdcd 122 objects from 40 sources. The majority 
of these wore so] id ted by the Museum and involved eonsidcrable prior 
rescaieb by the staff to dctomiine the sigoificanee and need of each 
object in the over-all picture of the history and development of aero¬ 
nautics. Id addition, each acccssioEt required stall attention in a 
variable amount in arranging for the procurement and shipment of the 
object and in meorporatmg it into the aeronautical eollectiom 

Except where otherwise indicated the accessions received this year 
and listed below were entered in the Museum^s records as gifts or 
transfers: 

NATIONAm MOBETJU ACCESSIONS DURINO THE FISCAL VEAR ENDEn 

JUNE BO, 1349 

Abel, A. IL (See under Port of QakL&ndp Board of Fort CommuisioneraJ 
Abbaub^ TALBERT (Soe uiider .\brams InstrumeDt Corp,), 

A KRAUS iNSTBuuEZiT CoBP,^ L&iiBing, Mlob: (Thtough Talbert Abrams) The 
single pusher moaoplaito with extcudeil on twin booiaa; 

belicv^ to be the brat American airaraft designed primarily for Borisi mapplDg 
Slid survey work (N. A. M. Ioad). 

AnaoNCA AiBcuArr Coav., Aliddletowo^ Ohio: tThrougli Jolm Lawler) Ptrst 
produotibh Aeionoa oport plaiier 1929 (N. A, M. 047, loan). 

Afcaoi'aoBtrCTB Divibioh^ GiNEOAL Morons Coar.^ Dayton, Ohio: (Through 
W, F. Stover) Four Acromatic propeller assembly displays lUustrating typeOr 
meelianisms, and produetioa steps A« G51)« 

Auoan, Da, Mjlla (See under Kollsmau InAtrumeiit Division, Square D CoJ. 
Allkk, Wiluam Pr, Jh. (See under U. S, Post OlHce Departuieiit.) 

Bastow, J. G., Oaklandj Calif.: American Oag msignln ol the First Aoro Squadron, 
World War b froiu the fuselage fabric of a Salmson alzplluio (N, M. 825). 
Bkck, Thouab E. (See under Crowell-Cbllicr Publishing Cor) 

Bjbicukdw^ Wiluaii. (8oe under Comet Model AlrpLone and Supply Co.) 
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R. F.p Ban FranriffWp Ciilif.i A frAmL^ bkck-and-white ptioto^ph of 
an early air meet and a Boi;iVckiir lop book of the fiort rnund-trip^ traai-Paciflo 
Pan American Aim'ayB paseenger flight, 1936 {N\ A. M. 5SS) 

Brirkin^ Irvino. (Sec under Cblumbia FioturOd Corp.) 

Brook; 1 .TN Poi.TTEcnxiG IkstitotBp Brooklyn, N. Y.: (Through Dr. D. G. 
lockfrard) A l6Cbhp. Curtiaa V-X airaraft enprine twed to power a Cuftifii R-2 
Army Kr-QtmnkAan^ piano of 191U {N, A. Nt. 631). 

CnALLmoRp G. R. [Sea under Kaheab City, Me., Chamtx^r of Commeroe.J 

ChaKcb Vonojft AinciiAPT, Div. op ti kited AincRAFT Coap., Stratford, Conri,: 
(Through John J. Hospers) Two l:16f-flcalo airplane modekf U» 8. Navy^ 
World War If: F4U-4 and OS2tr-l (N. A. M. 630}. 

CoEp Don, Wiiliarnsvllle, N. Y,: Two aircraft enginiSp rotary, Freach, World 
War a Cterget 9B and a Gnome "Mntmsoupapo^' A. M. 0^). 

CoLi.[NRp C. S. fSee under Fan Ainorican-Ciraco Almayap [no.) 

CoLnuniA PicTTTKag Coap.^ Hollywood, Calif(Through Irving Briekin) Two 
ftcale mcHiuIfi of Prof. John J. Montgomory'A gliders teproduecd for the motion 
pictum Gallant Journey.^* These show the Oara of 1905 and the 

Eotr^aen of IDll (N. A. M. 626). 

CouET Model AmriJiNB and SurPLt Co.j, ChtPagOp BLt (Through Williato 
Bibichkow) Wind tuauol staU-d by donor to be the first pnwtioalinaBS-pn>diieod 
type; for pere^tial and classroom use; throat 14'a 22*; embodies the principled 
of full-scalo deaigns; Ajocea^orics are included {N* A. M. M3h 

CnowELL-CoLLraa PuaLtauiKO Co., New Vnrk^ N. Y.: (Through Thomiut H. 
Ikek) Original w^atcr-color pninKhig by Melbourne Brin die depicting the first 
flight of the Wright Brothera^ acioplnne at Kitty Hawk, N. December 17, 
1903 {N. A. M. 5S4). 

DeHart^ Dana C., Ban Francisco, Califs A majoi" porHcuni of a cabana at nit from 
the Curtin ^^R’' which waa une of tho first two planes to cany achcduled air 
mail from New York to Chicago via Cleveland^ September 5 to 17, 19IS 
<N. A. M. G2S}. 

DiETTp Gould (deceased), Omahn, Nebr.: Two wooden pioppllofa: a^Taragon^* 
1911, u«d on the Arinj^B first airship, and n 'TIottorp" of early 1020 typo 
Inacrihed with faincnia auLographa (N. A. M. 54-1). 

Doouttle, Glff. J. H.^ Kew^ York, Y.: A jagged frogmont^ found in Cliinn, 
from the righl'Cngino nacelle of a North American B-25 'VMitcheU" bomber 
which took part in the Tokyo raid of April IS, 1942 {Nh A. M, 004)^ 

Douolas Aircraft Go., Jku., Banta Monioa, Calif.: A I rlG-slise scale model of 
tho Douglas SBD Navy cairicr'based dive bomber which saw oKtensIve service 
in World War H (N. A. M. 520). 

Frakk:, John fSec under North Carolina Granite Corp4 

Fredkricr, B. (See under Rohm and Haas Co.^) 

Fries, Leonard, London, England: A lar^o display poster primed ffom the 
original painted by the donor, advertising the lutemntiannl Aviation Toutiis- 
metit held at lielinoDt Park, L. f., October 22 to 30, 1910 (N+ A+ 546}^ 

GiLciiniBTp MrSr Gur, Dulch l^lat, CalifThe starteris flag used in tho Oakland- 
Jlonolulu Dote Race, 1927* Given in memory of her brother, Maj, Kdward 
Howard (N, A. M. 653), 

GpDDWiN, Glaise V. (See under Port of {laktond^ Board of Port Commisakinera.) 

Grummak, Ll, 1L (Sen under Grumman Alronit Engtnecring Co.) 

Gittni^AK Aircraft Enoineerino Co-, Bethpage, L. I., N. Y,: (Through L. R. 
Gnimmsn) Four f rifl-siie scale models of Grumman aircraft, S, Navy, 
\nTld War 11: an F3F biplane fighter, an F4F "Wildcat/" s TBM '^Avenger*' 
torpedo bomber, and an F7F ^^Tigercat" (N. A. M. 634). 


124 ANNUAL RE FORT SM1TH30XIAN INSTlTOTlONt 10 49 


Quit Oh Corp.^ Pittsburgh ^ Pa/ The GuifhawJi-M aJrpLane which was flown by 
Mej, Alford WilEunmi for 12 yeans. It fllu^tmtcs tlio Lost of tho Navybiplano 
fightert. mi F3F £N. A. M. 052). 

HfirpiSiRNANp CAfT-. J* (See under National MUitiiry IvstAbJIihmeiit, Depart- 
meat of the Navy.) 

Hospsob^ John J. (See under Ctnuico Vought Airemftp Div. of United Aircraft 
Corp.) 

Hobbei.i., CnARiiES IT.p Cievelandp Ohio; Twelve color printa of current-deaign 
private aircraft os painted by the donor for the 1P49 caiendar of Thompson 
Findncta, rne. (N. A. M. 542). 

Kansas Cirv^ Mo.^ Cjia241]i:b of Coxuerost (Through G. B, Challinor) A 
pressed-cooJ briquette, earried on Berlin Airlift, 1049; part of the cne-millionth 
ton. It was mined in the Huhr; Qow'u from Frankfurt to Berlin and thenee to 
Kansas City* Mo.* aa a feature of a oercmouy acclaim ing the Airlift £N^ A, M. 
645 ). 

Kautvexj, A, (See under RepubUo Avialion Corp.) 

Kollsmax TNaTgoMENT DIVISION^ D Co,> Klmhurst, N. y,t (Through 

Dr. Milla Alihan) A rnachmeter; an Instrument ueed to record epteed in Maoh 
Number, which the speed of the aircraft In relation to the icpecd of 

sound (N. A, M. C49). 

Lawler, John A. (See under Aeronca Aircraft Corp.) 

Lo€KTi.'AHDp Db. D. G. (Scc uudfir Brooklyn Polylechnio Institute.) 

MEimiior^ Kenneth C. (See under Wright Acnojiautical Corp.} 

National Militakt EataBUSHUEXT; 

DepaTimtnL a/ j4i> Futm, From Air Force Technical Mueeuntp Wright- 
Fatteriiou A* F. Dnyton, Ohio: Five l:72-asiep blaclE plastic World War 
H olrcrs/t recognition models; a C-47 tw-o*eug!iie trauApart, a PBSY four- 
engine flying boatp a FBM-3 two^ngjne flying boat, an BB2U Binglc-cogine 
Navy dlvftbonif«r, and a TBD si ngle-eogfoe torpedo bomber (N. A. M. 63S). 
Dtparimcnl of Iht WMblngton^ D. C. From Odice of the Deputy Chief 

of Naval Operations (Air): (Through Vico Adni. John D. Pjice) A plaque, 
repllea of one Instaltcd at Lisbon, Portugal Ju 1945, coenrnemorating the Smt 
Ifaiift-Atliintlc flight by the NC -44 ^lay lfll9 (N. A, M, C4H), From Offloe 
of Public IriformBtloiq Bureau of AeronautlCiS: A Navy aummer-weight flying 
suit and helmet. World War II type, w'orn by Col. Alarion B. Carlp U. S. M. 
when ho flow tho I>ougIas D-558 Skyvircftk to a world's speed record of 
650 m. p. h. on August 25,1947 (N. A. M. 637). From Olhoe of Publb dela¬ 
tions: (Through Capt. J* lioBernan, U. S. N., Rot., Curator for Navy 
Department) Scale modcld of three planen used by the Navy In World War II: 
XPB2Y experl mental version of Conaolidated '^Coronado" used for bombing 
and traua|>ort; XPBM eiporimental version of Martin ^"Mariner" used for 
patrobbombing and antlauhriiariue service- and TBD Douglu '^Devastator” 
carrier-based torpedo plane (N. A. 535, ioan)^. 

Kevin, Robeet S., Baltimore, Md.: A l;2'l-si?e wale model of the ^lartin MB-1 
twirh-englned Army bomber of iSlS, made by lender (N. A. M. 521, loan). 

Nobth Carolina Granite Corp-i Mount Airy» N. C.: (Through John P. 
Frank) Architects' modeJ of the Wright Brothers Memorial on tho summit of 
Kill Devil Hitip Kitty Dawk, N. C. (N, A. M. 6SS). 

Pan AiiEmcAN-(inACE AiBWAte, Inc., New York, N, Y^: (Through C. S. CDlltns) 
The Fairchild FG-2 flvc-paa^ogcr cabin monoplane with which the acheduled 
oommercioi operatlonE of Panagra Syetem in South America w&re inaugurated 
September 1S2S (N- A. M. 650). 


SECRETARY'S REPORT 


125 


PEBttr, KKKtfETB M.. Waaliingtan, D. C,: A Gemjm Air Force garrison wp of 
the World War H period (N* A. M, 022). 

PoBT Or Oakland, Boaro or Port Couuibsioners, OAkland, CaJif.; (Tbrough 
A. H. Abel; The ''Diamond'' airplane, Identified th3 firct Airplu^Q 

cDoitrueted In Caiirornift (L0lD)p Aod llio Kemp used ta power A 

Wisecain-Cooke^' Airptene constructed by Fred Wiscmftti Acd Down by him in 
who.! wAJi probably tho brat crcras-cotintJ^ aii^moil dight in ArocricHj, PetaJuEcm 
to Sant* Rosa, February 17, IGl L Tbia plane waa aiso flown by Weldon 

Cooke (N. A, xVL 639). (ThrouKh Cliiit^ V. Goodwin) A pllou' control wheel 
from tbe cockpit of Sir O^Jes Kfngsford-StolLhTa ^eutAcni airplane, firtt 
to Dy frotn tbe United States to Auutralkp May 3 Wune 9+ 193S; and a facelmDo 
ol the lofii kept by iho copilot, Charlea Ulm, on that flight (N. A+ M. &40). 

PsJCB, VicB Adii. Joiim B. under NaUonid JirlDitory EstAbllohtacnt., Be- 

porjm^f c/ ihe ^fflr||r.) 

EnruBijc Aviation Coap.^ Farmingdalo, L. t.* N, Y,: (Throligb Ah Kartveli) 
three lil6 scaJo models i Republic F-^iT-N ^'Thuudorbolt" Air Force sini^lo-wat 
fighter, Repobllc F^S4 '^Thunderjefc*' Air Forco singlo-eoat fighter, Ropublie 
RO-S ^'Seaboe^* all-metal* four-plaM ATriphibian pareotkaJ plane; and a l:4fl 
rcale modd! HeptibUc XF-^l^ ^'Rainbow" Air Force foiu^ngtne* long-range* 
high-altitilde pheto-reconnaiasaQce plane (N. A, M, 641). 

Roe if AND Haas Co.* PhUadelphla, Fa.: (Through D, S. Frederick) Four ei- 
Ainplea of Pieifglaa forms UAed In constmctlon of Aircraft: a P-47 bubble canopy* 
an Astradomei a Crocker-Wheelet nose section for aircraft, and a Sikorsky 
Relicoptor nose (N. A. 627). 

Sfhlatt„ Geoboe, Deep River, Conn,; A Curtlsa V-B air-ooolcd aircraft engine 
of about 1907, used by the donorV faLhor In eapcriinents with movable^wlDg 
airemft (N. A. M,fl243. 

Stovak, W, F. (See under Aeroproducts Division* General Motors Corp.) 

U.S. PobtOfvicd Dei'abtment* Washington, D.C+: (Thmugh William B, Allen, 
Jr.) The pouch need to carry air moif on a flight coinmDinofating the Ihlrtlnth 
anniveraary of air mailt B flight was made between New York and Washington, 
D. G., In an Air Foreo P-SO jet airenift (K. A. M. 619). 

Vitas, Jace, Chicago, IIJ.: Hull of the Curtin Flying Root Jn which the donor 
made the first flight across liake Michigan on July I, 1913 (N. A. M. 632). 

Walark, Maj, Tuouab L., Glen Echo, ^Id,: Japanese equipment, World War 
II: an Hitachi aircraft engine from a "Cypress"" biplane primery imlnor* a 
cutaway supercharger and fuel metering device produced by Mitsubi-^hl, aijd 
a group of five inBtrUments also maniifactured by Mitsubishi (N. A. hi. 6W}- 

WaEya, Capt. P. V. If., Annapolis, Md.: A collectton of plotters iilustratlug 
many forma used to solve navigation problem^ Involving pasltion, direction* 
and dJatance (N. A, M. 656). 

WnianT, Ortelue, Estate ov, Dnytoti* Ohio: The original Wright BTOtherB^ 
Bcroplano of 1962 (In custody for the U. WTatJonal 3kIuBeuiii) (U. S- N, M. 
181399). 

Wbioet AsaoNAtmcAii Coa?.* Wood-Ridge, N. J.: (Through Kenneth C- 
Mehrhof) Four radial aircraft engines: Cnriisa "ChailEngcr," Wright "Cyclone" 
18BA, Wright "‘Cydono'* 14A, and Wright ^'Cycion* ' 9GB (N. A. M. 623). 
ReapecthiJly subtniUed. Carl Mitman^ 

Aanstant to the jSVer^fary/or the N^iimxd Air 

Dr, A. Wetmohr, 

Secretary^ SwiiiAsonMin 


APPENDIX 10 

REPORT ON THE CAN.AL ZONE BIOLOGICAL AREA 


Siii: It gives me plefhSOre to present herewith the armual report of 
iho CeDiJ 2ioae Biological jlrea for the fiscal year ended June 1940, 

mPROVEMEJfTO MADE 

A new bnDdiugj halfway up to the laboratory level and near the 
generatora^ w'aa completed. The ground floor will ha used largely 
for the w^oodworking machinery and carpenter shop^ the upper part 
as living quarters for the warden-caretaker. The old cottage just 
below the large laboratory building, formerly occupied by the warden- 
caretaker, has been converted into a very d^irable two-room lab¬ 
oratory unit. The forest is close by, making the building ejcception- 
ally suitable for observation and study of mammals and other forms. 

Work on (he 14,000-gallon eonerete gravity-flow water tank was 
halted by heavy rains whJcli made it in:ipckasible to use the truck and 
largo concrete mixer, Ilovrever, the excavation is made and the 
gravel and rehiforcomcnt iron arc at the site; 2 or 3 weeks of dry 
weather will permit completion of the tank. 

During the year, from allocated funds ^ the launch Smok was 
purdiascd from The Panama Canal. This is a very sturdy, well- 
built boat 40 foet long, wdth an 11-foot beam—^largc enough to ac- 
conimmlate 40 passengers. It is in veiy good condition and 
serve even for towing. 

New generstors were installed during the year, providing a depend¬ 
able source of electricity for continuaus use. 

Eight steel herbarium cases, needed for many yeai^p have been 
received and the herbarium specimens transferre<l to thorn. These 
specimens are mw in exedlent condition. Eight sted storage cabinets 
were also received, providing dtistproof stornge for much of the 
laboraLoiy etpiipructit, 

SCIENTISTS ANU THEIR STUDIES 

Twenty-mue scientists came to the laboratoTy during the year. 
Although many of them stayed only a short time, their acquaintance 
with the island and its facilities will no doubt bring others to the 
laboratory in tho near future. The contribution of these scientists 
has addled iirnUu-Jally to our knowledge of life under tropical cooditions,. 
m 
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Dr. Frsna Sdirader and Dr, Sally Hushes Schrader returned to 
continue their cytological studies. 

Dr* Frank A* Hartman and Robert Albertin, of the Department 
of Physiology of the Ohio State University, spent some time on the 
island, and used the laboratory as their base for mccursions up the 
Chagrea River Basin and into the VolcAa region of ChiriquI Province. 
They studied in great detail the anatomy of the adrenals in sloths 
and the coati-mimdl while on the island. The adrenala of more 
than 600 vertebrates were coUceted during expeditions in the Republic 
of Panam4. Field studies were made of selected cuse^p and the rest 
of the material was Itikeu to the island for further treatment in prep¬ 
aration for cytologica! ejcaiuinatbn later at their University labora¬ 
tory. The skins of the birds obtaiued by them were donated to the 
Unitcii Slates National Museum, The hearts of a number of tJie 
vertebrates were sent to Dr* Struthers, of the University of Syracusep 
for anatomical study of the coronaries and other blood vc?s3d8. 

Dr, nariman plans to return for a much more extensive survoyp 
cst>ecially in relation to the effects of the male hormone p particularly 
in the sloth* The use of the island as a base for excursions to other 
nearby regiona emphasizes one of the unique features of the Canal 
Zone Biological Area. 

Dr. per P. Scholander and Dr. Vladimir WaltoTBp of the Arctic 
Research Laboratory at Point BamoWp Alaska, spent considorabb 
lime on tho island studying the metabolic reactions to temperature 
in various animals and plants in order to obtain a tropical counterpart 
for the work dono on Arctic forms in Alaska. A deep-freeze wag 
used in some of their work, and the analysis of tlie tropical mammals 
and birds in cold gave just the mformatiDii needed to interpret 
properly the findings in the Arctic. The work on the island with 
the derp-freeze proved of basic importance for formulating a theory 
on the relation between insulation and metabolisni. 

K. Joseph Kowal, in charge of tho Inbomtory of the Bureau of 
Entomology and Plant Quarantine at Gulfport, Miss*, returned in 
order to reexamine and evaluate tho special series of termite-resistance 
tests initialed by him 5 years ago, including the very valuahk sorJea 
of soU poisons. He was assisted by Russel! E. Fontaine, In charge 
of the insect- and pest-control work of tho United States Army in 
tho Caribbean area* 

Dr. Walter Clarkp in charge of ihe Research Laboratory of Eastman 
Kodak, who had come to inaugurate the large air-conditioned labora¬ 
tory in tho ouukirLs of Pamma City, accompanied by Dr* Cleve C. 
Soper, in charge of Eastman Kodak's Iropicd research work horep 
spent several iveeks on the island In connection with their corrosion 
and deterioration studied. As in past yoom. Dr* Clark took thousands 
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of fftot of aplendid niotion picttiJ*f?9 of the aninml Hfo. Tho work of 
tho EaaUiifln Kodak Company on the islandp aofl in Panama Citjp 
ie yielding most valuable data on corrosion and deterioratioQj as 
well as a better understanding of the influence of the Tropica on 
f5olor filin+ 

E, Killipj head curator of the department of botatiy^ United 
States National Museum^ spent a short time on the island, collecting 
material for the herbarium. He wont over most of the laboratory's 
herbarium ftpeeimens and later will send such add it ion d sheets oa 
may bo nccdoil to augment or supplement the collection. 

Dr, Charles C* AdamSp pioneer ecologist of tlic Americas, was 
auolher visitor who caroo to tlie Tropics for first-hand knowledge, 
lie stressed the value of the island for ecologistsj both plant and 
animal^ in pro’^dding an intimate acquaintance with Jwnglo life. 

Dr. and Mrs. II. N, Moldenbe, of tho New York Botanical Gsrdenp 
visited the island after their rot urn from tho Second Pan American 
BoLanical Congress held in Tucximknp Argentina. Dr. Moldenke's 
ohief interest was tho Verbcmceae, and be very kindly rcchecked the 
laboratory's material in thifl family. 

Dr, Marshall Stone, of the University of Chicago, again roviaited 
tho iaiand for a short time. 

Phil W. Longenecker, student at Colorado CoDegCp spent tho month 
of July on the island. He made a hat of 93 specie of birds that ho 
positively identified^ with copious notes on their habits. Ilia 
studies also included observations on a number of the mammak. 
In his report he states that ho did not Tmd it necessary to go for into 
the forestp m there was so much to Bco within a mile of the laboratory. 

Dr. Eugene Eisenmann, of New York City, visited the island again 
this year to continue bis ornithological studies. Dr. Eisenmann is 
an authority on the birds of thie region. lie will prepare a list, 
brought up to date^of the birds observed on tho lalaniL 

Oliver E, MoaseTp of SniithtowTi Branch, N. Y^., eamc for a few 
days, specifically to ninkfl certain important observations of army 
ants for Dr. Scbrieirk. In addition he studied birds and mammals, 
IVanlc W. Hunnewell and bia sister Louise revisited the island and 
stayed seveitil weeks, following up his botanical studies. They 
showed the same deep interest in the lalancj that they had displayed 
over since Dr. Barbo ir was actively connected with its direction. 

It is a pleasure lo record again a short vml by Dr. and Mrs. 
Matthew W* Stirling and Eichard Stewart, who were in Panamfi on 
archeological reconiiaisaance on behah of the Natiional Geographic 
Society and tho Siuithsonian Institution. Motion picturc3s were 
taken by Mr* Stewart to completo the reel covering the island. 

Dr. Wet more, Secretary of tho Smithsonian^ [rovisited the island, 
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at which time conferences were held with the writer oti island matters, 
plans for the future, improvements that would bo desirable. TV* M. 
PerrygOj of the National accompanied him aa assistant. 

John B. Graf, Assistant Secretary of the Smitluwman Institution^ 
spent 2 weeks on the island in June and Jnljp examining the laboratory 
facilities and discussing its operations^ 

A, C* Langlois^ of the Bahamas^ whose deep interest in palms and 
horliculture in general are well known, was a welcome visitor for a 
few dnjirap during whidi brief time he was able to observe the paltns as 
they grow in their natural habitat, 

W* E. Lundy* flecretary-trensurcr of The Panama Canal Natural 
Hislory Society* a keen student of nature, spent a ivcek on the island, 
and as on earlier visits prepared a dctailetl report of tbo mammabp 
birds* reptiles, and other forms that ho savr. These yearly lists from 
Mr. Lundy form a very valuahlo record. 

Miss E. Tliomas and Miss Mario Weir, local naturalists of note, 
again revisitcil the island for a few^ profitable ( 103 =^ 3 . 

The waiter continued his special research problems* particular^" 
the long-term termitc-rcsistaurc tests, and fruit-fly populations. The 
large Berlesi- funnel has been kept in operation* and it is of interest 
to note tlic great number of epeciea of mites, pseudosoorpions, and 
ants, particularly some of the very rare genera, that have hcon 
collected in this manner. 

An interesting development from ivork done at Barro Colorado 
Island that should be nientloned here, since it has not previously 
been noted, is the availability of a phonograph rt^onl of jnngk sounds 
by day and hy night, fomiluir and friendly to those who know them* 
mysterious and sometimes fearful to the uiiiiiiListed. The work is 
that of Dr. Arthur A, Allen and Dr. Paid Kellogg of Cornell University 
who* during the war* made a long series of recordiiiga in the jungle 
for traming use with American troops assigned to outpost dut 3 % A 
considerable part of tlio work wm done on Barro Colorado Islajid, 
though it Is only recently that the material has been released and 
prepared in form available to liie public. Tho voices of howler 
monkeys, birds, and amphibians, reproduced hiitlLfully by" painstaking 
techniques, carry fully the ordinary sounds heard during the 34 hours 
about the Island- 

more naOENT NEli:i>3 

One of the most urgent needs k the fireproofing of certain structures 
by the use of concrete posts and concrete blocks^ w^hicb could be 
accomplished gradtially* These buildinp arc the Barbour and Chap¬ 
man houses* the kilehen and Us adjacent storerooms* and the main 
laboratory building. 
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Evcq more urgent, is a new laboratory and storage buUding, which 
will require a Bmail addition to th© clearing back of our prraent 
laboratory site. This structure should be built with concrete posts 
and Bills, and concretfr-bloek sidcs^ end ehould have at least six rooms. 
Provision should be made for the periodical use of heat in order to 
reduce the growth of molds. Thia buUding would provide separate 
rooms for the hbrary, for scientific records, for storago of cameras 
and other dchcate apparatus, for the herbarium, for laboratory glass- 
war e, anrl for clienucftb. The entire building shcnld bo well vent Hated, 
but in addition glass windowa ahould be proTided so that when 
necessary these can bo tightly closed and heat used. High humiditjp 
the subsequent rapid growth of funguSp and the need of protection 
from termites are problems of tho first order in the Tropica. 

Other urgent needs are steel storage cabinets, metal bookcases 
with closing glass fronts, metal card-index cabinets for the species 
index and the library indox, and sectional steel letter files. 
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PI3CAE REPORT 

During the fiscal year 1949* S12,256,05 in trust funds was available. 
Of this auiomit Sll*U8J0 was spent* leaving on bond only 31*137.15 
with which to face the now fiscal year. In addiUoR to this, 31*122.30 
is still on deposit* representing local eollections. 

During the year only 81*243.00 was colIeeUd as fees from scientists* 
as compared to $1*907.75 last year. This decline is very largely due 
to the high cost of transportation to the Isthmus* which keeps many 
from coming. Despite the higher cost of food and other items, the 
laboratory has not increased iia per dleni charge to scientists. Thoso 
from institutions that sustain table subscriptions siUl receive a discount 
of 25 percent. 

The following institutions continued their support to tho laboratory 
through lliD payment of table subscriptions: 


Smithsoniau Irutitutioa_ ____ _ _______ $500 l CfO 

Aroerium Museum of Naluml History.- _....__ 30a €0 

E;a 4 tmiiii Kixiak Company ___ _^ 1, OCCl QO 

Now York ZooIoEical Boatety... . _300, 00 

UaiTeraity of _ _ ___ 300. 00 

Ohio State UDivQriity^__^_^_,^_^^ _____ _ __ 300,00 


Tho Forest Products Laboratory* United States Department of 
Agriculture* contributed $25.00' a month as service fees for faeditiea 
furnished. 

It ia most gratifying to record donations from Dr. Eugene Eisen- 
mann* Dr, Oliver P. Peatson* Domthy Edgerton, Miss Louise 
Hunnewell* Mr. Frank W. Humiowcll, and the Botanical Society of 
WashitigLon. 

Tho sum of $5*fi00 was made available by the Smithsonmn Institu¬ 
tion from apjnopriatcd funds, and of this amount $4*097.53 ivas used 
for permanent Unprovomenta. Tho Institution also eoniributed $3*000 
from its private funds* In addition to its table fees. 

Kospeclfully fluhmittotl, 

Jas>i£s Zetkic* Re^ideni Afanoffer. 

Dr, AlexAK DEE Wetmoee, 

Secretary^ Smithsonian InstUidion. 








APPENDIX 11 

REPORT ON TUB LIBRARY 

Sih: I have the honor to submit the fallowing report on the activities 
of the Sniithsoman library for the fiscal year ended June 30, 1949 : 

All the continents and most of the countries of the world were 
represented among the 57,671 publications received by the library 
during the year. These books, pamphlets, and serials w*erc pre¬ 
dominantly ecientilie and technical in character and touched all the 
special and related Golds of intercsta of the Smithsonian Institution 
and its branches. The International EKchange Service tranamitlcd 
of them, and the rest came by mail or by other means of delivery. 

Acquisitions by purchase included 1,792 volumes, three colicctioro 
of pamphlets on special aubjects, and aubacriptions for 279 pcrio<]Leals. 

Gifts of 7,287 pnblieations cattle from many different donors. 
The library owes a lasting debt of gratitude to these friends of the 
Institution, at homo and abroad, for their generous contributions 
of books and papers, many of W'bich the library would not otherwiac 
have been abb to acquire. Not yet statistically recorded in tho 
library is tho important gift of the largo Ferdinand Perrcl Research 
Library of the Arts and their AfBliated Sciences, presented by Mr. 
PcJTet to the National Collection of Fine Arts. 

The library’s principal strength and the backbone of its usefulness 
lies in the largo collections of publications, chicGy serials, i^uod by 
the research institutions, scientific societies, universities, academies, 
museums, and observatories all over the world, which tlis Smith¬ 
sonian Institution receives in exchange for its own publications. 
These are the primary sources of the records of progress in science 
and technology, in the arts and industries. Ready access to tliem is 
indispensable to tho work of the Inslitulion. The larger number 
of tho 17,713 periodical entries recorded during the year W'ere these 
exchange publications, and many monographic works received in 
exchongo were separately cataloged. There were 338 now exchanges 
arranged, and 7,008 volumes and parts needed tn fill gaps in serial 
seta, or for special purposes, were obtained in response to 726 special 
requests made to the issuing agencies. 
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A grand total of 17,771 publications were sent to tlio Library of 
Congrt^ss, Of thcse^ 1,97B volumes and 4;^S82 porjoJical parts were 
recorded as pernmnent additions to the great Smithsonian Deposit 
there. The others were foreign and domes lie dissertations, docu¬ 
ments p and misceUaneous publications of little inimcdiute importance 
to the work of the Institution- 

The Army Medical Library selected for transfer S59 publications 
no longer needed hero in the sectional lihrary of the division of 
medicine- Also sent to the Army Mcdicid Library were LOOS 
currently received medical dissertations and 1^927 other publications 
on medical subjects, A total of L532 publication wero distributcdp 
according to subjeotp among other libraries of the GovemmonL 

The cataloging of currently received pnhlications was kept up 
without aerious time legs and with no additions to the large "back¬ 
log" of many years standing. Records of GpSS4 volumes were added 
to catalogs and shclflistSp and 31,134 cards were filed. Work on the 
correlation of the central periodical entry records ivitb thoao of the 
central catalog waa begun, and 389 entries were checked, corrected^ 
and unihed. This is important work which w'ill havo far-reaching 
results in shortening the time of record keeping and iti giving prompter 
Eorvico to readers. 

Funds allotted for binding permitted 1,060 volumes to be prepared 
and sent to the Govemment Printing OfEce, but again were not 
sufficient to keep up witli the number of Tolumcs of serial publications 
completed during the year, so the "backlog" of bimling continued to 
grow- A total of i,{)26 books and paniphlets wm repaired in tha 
Museum library* but there b always much more of such work to ba 
done than one assistant can handle, and here too there h rcgrcttablo 
arrearage. 

Increasingly heavy demands upon reading and reference services 
of the library, especially from outside tha liigtiLuLion, were noticed 
throughout all the branches. Every year many visiting scientists 
and other scholars not only from our o^ti hut from other countries of 
the w^orld make more or less extensive use of the library's resources, 
while tetters and telephone requests for information pour in daily, 
Interlibraiy loans of 2,019 publicfitiona to S9 different libraries w'ero 
made^ an increase of 732 over lost year. The principal borrowers 
w'ore other scientific libraries of the Government in Washington, and 
research institutions, museums, and universities cLowhero* 

Three positions wore vacant during the entire year, and the 
Museum library had no messenger after the end of January. The 
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redistribution of work ussignrncnts nocessftry to meet the emorgencios 
of the situation could only bo isttdc at the cxpetiae of iieglecting or 
postponini; all but the most immediately demanding of the librsiy’s 
rospoDsibilities. While eveiy effort made to see that services to 
the scientldc staff suffered as little as possible, some irritating delays 
and inconveniences were unavoidable, most noticeably from the 
lack of adequate messenger service. 

There was a heartening improvement in one branch of the service, 
made possible by the promotion of an acquisitions assistant to fill the 
much needwl new position of assistant librarian in charge of the 
Astrophyaical Observatory library. The position from which the 
promotion was made, however, is one of those stil! unfilled. 

Even more aerioua than the vacancy of library positions is the 
housing of the library. For many years Uie shelves have boon so 
boflly overcrowded that the shelving of each year’s acquisitions has 
been a matter of makeshift contrivance. To relieve the congestion 
double shelving—that U, two rows of hooka alielved one behind the 
other on a single shelf—has become a common practice, especially In 
the Natural History building. Whole sections of books in relatively 
loss frequent use have had to be shifted to Inconvoment locations in 
the attic stacks of the Arts and Itidustrlcs building whero dust and 
dryness arc particularly bad. The generally poor arrangements of 
the library's quarters m all the buildings, too, and the lack of any 
wcU-equipped space for a centralized coUoction of the indispensable 
roforcnce books needed In common by all the bureaus of the Institution 
arc handicaps to the kind of library service that should be expected 
in the Smithsonian Institution. Until some practical means can be 
found to remedy these and many related bad housing conditions, 
progressive deterioration of hooks and library service alike Is 

inevitable. 
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Neither incomplete volumes of pciiDdicals nor gopnmies and 
reprinta from periodicals are included in these Hgures, 

£zfAdn{^-« 

N«w exchanges arraagied _ ____ _ _____ 33S 

104 of Iheee i^cre isalgned to the Hiiilthsi^alAil D^poflit fn the iJbrarj of 
Congress. 

Specially requestecl publications _ _ ___ _ ___ T, OOS 

B23 of these were ohtftlned to fill gep*? In the Bmithsonian Deposit oota 

V'oliiincs and rjaniphlcU cutAlog^^. .... &@4 

Cards addH to eatalop and ahoJniifta,, _____ _31,134 

PenoflicaJ parts enlotcd^,^.^ ..... .17^713 

Of tiheeOt 4,532 as^nt to the BmithsoniBn Deposit at the Library of 
(Jongrw. 

Circutatim 

Loans of hooka and pcrbdicalH_. .... U, 

ThJa hguro does not indmde the Lntnunural oireulatioD of boolca and parlodL 
caig hied fn 31 Bectkinal libmiics, of which no eouul is ke|]t. 

Binding 

Volumog Bcnt to the bindery _ ___ __ I* 060 

Volumes repaired in the Museum, ______ 1^026 

Respectfully submitted. 

Leila F. ClarKj FMrarian. 

Dr. A. Wetmore, 

Seerdary, Smithsonian Imfilutiim. 
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APPENDIX 12 

REPOKT ON PUBLICATIONS 

Sir: I buTC tho honor to submit tho following report on the publica¬ 
tions of the Smitlisonian Institution and its brnncUes during the year 
ended June 30p 1949. 

The Institution published during tho year 14 papers and title pages 
and tables of contents for 2 volumes in the Smithsonian Miscellaneous 
Collections, 1 Annual Report of the Board of Regents and pampblet 
copies of IS articles in the Report appendix, 1 ^^ual Report of the 
Secretary, and a now edition of 1 special publication, and a reprint of 

another. _ 

The United States National Mugoum issued 1 Annual Report, 25 
Proceedings papers, 3 Bulletins, and 2 papers in the Bulletin series, 
Contributions from the United States National Herbarium. 

The Bureau of American Ethnology issued 1 Annual Report and 2 
Publications of the Institute of Social Antbropology. 

The Freer Gallery of .itrt issued I publication in its Occasional 

Papers scries. 

Of the publications there wore distributed 267,491 copies, which 
included IS volumes and separates of Smithsonian Contributions to 
Knowle-tlpe, 27,438 volumes and soparatca of Smithsonian Miswl- 
lancous Collections, 20,303 volumes and separates of Smithsonian 
Annual Reports, 3,696 War Background Studies, 6,361 Smithsonian 
special pubUcations, 38 reports of the Harriman Alaska Expedition, 
66,459 Tolumos and separates of National Museum publications, 
12[7S7 publications of the Bureau of American Ethnology, 6,873 
Publications of the Institute of Social j\jithropology, 10 catalogs of 
the National Oolioction of Fine Arts, 603 volumes and pamplJets of 
the Freer Gallery of Art, 3S jlnnals of the j^strophyaicnl Observatory, 
I,,389 Reports of the American Historical Association, and 5,014 n^ 
ccUancous publications not printed by tho Smithsonian Institution 
(mostly Survival Manuals.) 

In addition, 87,715 Guide Books, 22,573 natural history and art post 
cards, 162 sets of North American Wild Flowers, and 18 Pitcher Plants 
volumes were distributed. 

bmitwsonian miscellaneous collections 

In this scries there wore issued title page and table of contents of 
volume 107, 7 papers and title page and table of contents of volume 
no, and 7 papers in volume 111, as follows: 
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VOLUME 107 

Title page ajid table of coatentt. (Pebl, 3M90 Sept. 3, 194B. 

VOLUME no 

NOi 7* Guatflvus Sebon’e portreila of Flnthead and Pend d’Owllle Indienn, 
1834, bj? John C. Ewein#. C8 pp., 22 pla. (Pljbl. 3941*) Nov. £9, IMS. 

No. 8. The behavior of baronielrie pfcasuio during end after eolar parliclo 
invaaiona and solar eltravlolot invaBious, by B* DuoL and G. DucU. 34 pp., 21 
liga. (Fubl. 3M2*) Aug, 5. IMS. 

No. fl. A new genus end five new epeelca of Amcrtcan ffehia, by Eanmcl F. 
Hfldebrand. 15 pp., d fig*, (Piibl. 3M3,) July 28, 1S48. 

No. 10. The feeding organa of Amchnitla, iDeluding initea and tleka, by U. E, 
Enodgrasa. 93 pp., £0 fig*. (Puhl, 3044J Aug. 18, 1048. 

Ne. II. The Saiithsontati atandnrd pythelloiuclry, by C, G. Abbot. 4 pji. 
(Publ, 3945.) Aug. 5, 1918. 

No, 12. Tlie Brum Mountaius, Utali, ineteoriito, by E. P. Henderson and S. 
fl. Perry. 7 pp., 5 pis. (Pub!. 3946.) Sept, 3, 1043. 

No. 13, Contributioea to the nnthropoloR.v of the Soviet Union, by Henry Field, 
244 pp., 5 pis. (Publ. 3M7.) Dec. 22, IMS. 

Title page and table of conteeta. (Piilii. 39S4,) May 12, lOlfl. 

VOLUME 111 

No. 1. Mirandolle's fonst falcon, by Herbert Friadmane. 4 pp., 3 pis, (Publ. 
3M8,) Sept. 22, IMS. 

No. 2 . PrehatoTT nnd ihe Missouri Valley devclopjaent progmm. Suminary 
report on the Missouri Hlver Basin Affhnological Survey in 1017, by Waldo H. 
Wedel. 63 pp., S pla. fPuhL 3950.) Nev, 23, 1948. 

No. 3. Fnrtlfw new Cambrian bellerophont gutrepoda, by J, Brookee Koigbt. 
5 pp,, 1 pi. (PubL 3951.) Pee, 24, 1918. 

No. 4. Type material of the species of eiurid licotlcs described by Charles 
SchaeBcr, by Edward A. Chapin. 13 pp. (Publ. K377,) Apr. 6, 1949. 

No. 5. 1948-1919 report on the 27.0O74r^1ay cycle in Washington precipitation, 
by O. G. Abbot. 2 pp, (Publ. 3980.) Mar. 8, 1949, 

No. 0, A predietion of Washington temperature 1948 (made Jnnuary 19431, 
by G. G. Abbot. 6 pp.. I fig. (Publ. 39S2.) Mar. 8, 1949, 

No. 7. Monteruma solai^constaot values and their pefkxiio variatkiBS, by 
C. Q. Abbot. 13 pp., 3 fig*' 3981.) Apr. 19, 1M9. 

SMITHSONIAN ANNUAL REPORT 

Report/or lOjfT.—The complete volume of tlio Annual Beport of Uie 
Board of Regeuls for 1947 wns received from tlie Public Printer 
December 15, 1948: 

Annual Report of tbo Board of llogents of the Smlihsonfan Institution ahowme 
the operations, sipendituros, and condition of the initituticn for tlie year ended 
June 30, V947. la+471 pp., <56 pis,, <57 <ig@. (Publ, 3021.) 
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Thog^Qotal appendix contained tlie following papers (Publa. 3922- 
3939): 

Luife tfutispota. by Seth B. Nicholson. 

Atomic energyp by A. E. Johns. 

Telegraphy—pony espreas to beam radio, by George C. Hi I lid. 
riutoniuin and other tracaLinmhnii okmentt^ by Glenn T. Beabong. 

The tiw of iflotopea blb tracors, by A, H. W. Ateor Jr.^ md F* A- Heyn. 

Silfootios—A now contfnent In tho world of chemiatry^ by S, L. Baaa. 

New pnodiJCi# of the petrofeuni ioduHtry* by Hogb W. Field, 

Tho taunanil of April 1, 19 in the Hawaiian Islands, by G, A. MaedonaJd, 
P, Bhepard, and E, C, Co^. 

Drowned ancient blands oF the Pacific boain, by H. H. Hcfia. 

The bhsiogy of Bikini A toll ^ with apodal reference to the fiahca> by Leonard P* 
Schnltt. 

Theeenscg of bate, by Brian Vcsey-FitsQorftld 

Uollnaka and mediehic tn ^orld War 11+ by fl- H'ljckcr Abbott. 

Some remarks on the inOncnce of InBeets on hunmti wdfarep by Carl D. Duncan. 
Moequllo control tests from the Arctio to the TropJci, by H. H. Stage. 

The primary eenteis of cEviUeatloo, by John R. Bwanton. 

The Ryakyu poopk: A eulturn] appraisal, by Marshall T. Kownmn and Rbdsikii 
L. Eng. 

Pusilfi In Panama, by Waldo G. Bowman. 

Comparison of propeller and rGAetion-propelled airptaue poifonnaoceaj by Bensoa 
Hamlin and F. Bpenceleyn. 

Report for W48 .—^Tbe Eeport of the SccretaiTr which included the 
^nencifd report of tlie executive committee of the Board of Regents, 
and which will form part of the Annual Report of the Board of Regents 
to Congress, was isstied January 13, 1940: 

at the Seeretaiy of the SniithBoaliiTi Jnetltullea aad fioanolal report of 
the executive eouitnittee of the Doard of Reifouts for the year oeded June 30,194a. 
Ix+ lfiit pp., 4 pis., 1 chart, (Publ. 3932.) 1043. 

The Report volume for 1948, containing the general appendix, was 
in press at tlie close of the year. 

flPECIAL PUBLICATIONS 

NatlonaS Aircraft Collection, bv Paul Edward Garber. Ei«hlh edition 44 
pp., lUiu. (Pubi. 3979.) May 2, 1949. 

The following special publication was reprinted: 

Brief Guide to the SmtthsoaiaD luatitutCoo. Seventh editioo. SO pp., illua, 
Dw. 13,1948. 

PUBLICATIONS OF THE UNITED STATES NATIONAL MUSEUM 

The editorial work of the National Museum has continued during 
the year under the immeriiate direction of the editor, Paul H, Oebaer. 
There were issued 1 Annual Report, 25 Proceedings papers, 3 Bulletins, 
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find 2 separate pafwre in th^ Bulletin aerJc^Si Contributions from the 
United States National Mu^um. 

HEPOITT 

Report on the projtrtafl and condition ot the L-oitod States Naltonnl Museum 
for the s'ear ended Juo* 00, IB4S. Hi+ 127 pp. Jan. 25, 1040. 

rnocEEDiNCia: volume sa 

No* 01!23. A potential snftU host o\ Oriental BchliteeonilftBifl in Nortli America 
CPomotiopSu iuptid’an'o), bjf R. Tijeker Abbolt. Pp, 57-G8, plsr 3, 4^ fias* 

July 2, ms. 

No. 3224, Th* eerphaid Hymeoeptera of the feitiiUy Roproniid&e, by Henry 
Townee. Tp. SS^fiO, fig. 12. July B, 1943. 

No. 3225. Paraaitlc wasps of thi 3 «enuH 2>i»iorti* la North Amorlcap by nobort 
M. Fonts. Fp. fil^MB, fi^. 13-15. Aug. 19, 1948. 

No. 3225. Now pempUlidlne waeptf from Bouthern Nigiifis, by V. 3. L. Pftle. 
Pp. 143^162, fig, Ifi. Oet. 19p 1948. 

No* 3227. The butterflies of the Admirsilty Islands, by WArren Herbert Wag¬ 
ner, Jr** and David F. Grctlier^ Pp. 153“185p pis. 11-13. Dee. 7* mS. 

No. 3228. Flic* of the family Stratlomyldao of the Solomon lelaodi, by Ntau- 
rioeT. Janies. Pp. 1S7-213 Nov. 9, 1948. 

No. 3229. Cyprinodont of ibc genua Fundtilui in tlio West Imilea, with 
description of a oow subspecies from Cuba* by Luis Rivas. Pp. 215-222* 
pi. 14. Oct. 19. 1045. 

No. 3230. A now crayfish of the genus CoeilMirua from Tesas. with notea on 
the dhrtributton of Cambarus /mffeai (Cottle! * by Emton H. Hobbs, Jr* Pp- 
223-231* ftK. 17. Nov. 18, 1948 

No. 323L Repon on the PycnogonJdn eolleeted by tite ..4ffcaffftii in Japanese 
waters In IBOfi and 190fi. by Joel W. ifedgpeth. Pp. 233-321* figs. lS-51. Mar. 
14. 1949* 

No. 3232. Mammals of northern Colombia. Prehiiiirmry repiirt No, 4: 
Moakeya (Primates), with tfiJtonomie rcvbioiis of some forms* by Pliilip Henh- 
kovlts. Pp. 323-427* pis. 15-17* figs, 52-59. Mfty 19, 194B. 

No. 3233. Ekca from Central America, principally Honduras* by T* D. A. 
CoekeroU. Pp. 429^490. May 23* 1949. 

No. 3234. A generic revision of the imhoppera of the tril^e Cereaini in Atnerica 
north of McKico, baaed on a study of the maie genitalia* by John S. Caldwell. 
Pp. 491-521* plB. IS"23- May 10, 1949. 

VOLUME 99 

No. 3235. A further contribution to the ichthyology of Ventzuedo, by Leomiid 
P, SchulU, Pp, 1-211* pis, 1^3* figs. 1--29. May 10* 1949* 

No. 3238. The weevils of the genua TiafAiffftfnuj in thu United States Naiinual 
Museum, with dsacriptioo® of new species* by Oscar MontiO- Pp*- 213—227* figs, 
21-32. May 25* 1949* 

No. 3237, The Species of Ichneumon-fiicfl of the genua CftrdiachiUM ocourring 
in America north of Meaieo* by ¥ing-T&u Moo, Pp. 229-258* pla. 4-5. Mar. 
21* 1049. 
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333S. A revision of the mites of ttiq tamWy CtieylotSdBc in tto Ualtod 
States National Museum* hy Eldward W, Baker* 1^. 267-320* pis- 6-17* Apr* 
14 , 1949 - 

Nop 3239. A MW species of eopepod of the genus yearn from the North 
ATiierloaD coast, by MUcIred Stratton WOson. Fp, 321^326* pi. 18. Judo 10* 
1949. 

No. 3240. New buprestld beetles from hleiioa. Cent ml and South Amoiica, 
and the West Indies* by W, S. Ftahcr. Pp. 327^351- Apr. 26* 1940+ 

No+ 324 L The Pima County (ArlEona) nieteorito, by E. F. Henderaou and 
Stuart H. Perry- Pp+ 353-3S5, pis. 19* 20. Apr. 27, 1949- 

No+ 3242- Tho Linwood (Nebraska) meteorite* by K, F* Henderson and Stuart 
H. Perry* Pp. 357-360, pla. 21-24* Apr. 27, 1919- 

No. 3243. The Kearotie Species of the ffitnlly Stepbanidai {HyaienopterB)^ 
by Henry T&a'ne:S 4 Pp- 361-370* pL 25* June 10, 1940* 

No* 3244. Nine new ^rystodeamid mUllpMMis from Virginia and West Virginia* 
with rceorda of established by lUchard L- Holman* Pp. 371-380^ pla. 

26,27. Juno 14, 1949. 

No. 8245. A review of the copepod genus Paranikem%a Claus, hy Paul 1* 
TIM. Pp^ 301-428, figs. 33-37. May 10* 1949. 

No, 3246. Mftinmflla of northern Colomhlii. PrcHminBry report No. 5; Bats 
(Chiropl^Tfl), by Philip Hershkovita. Pp- 429-454» 38. May 10* 1949, 

No* 3247. New Species and recrorda of Btaphylinid l>cotlc3 from Foraioao, 
Japan* and South ChinAk by Molcolni Caiueron. Pp. 4S6-477* June 14, 1949. 

BULLETINS 

No. IS50, vol. 14. pt.8. Report on the Echinnidca collected by tho United States 
Fisheries slcatncr Albalrozs during the Philippino Expedition, 1907-1910. Part 3: 
The Echinoneidae, EchtnolampacLidao, Clypeastridao, Araehnoidhlae* l^ganidae* 
Fihulariidoo. Ujecliiaidao* Echinocorylhidac, PalaeostoimiticUc, MierastcridaCn 
PalacopnouBtiriae, HemiMleridao* and Spatnngidae^ by Theodor MartenROti. 
Pp. i-iiik 93” 140. Oct. 20* 10^19. ^ 

No. 195. llfo histories of North Amorlcfin nulhatchea, wrenai thraBhere, and 
their ol! [os. Ouler Passerifonnoa. by Arthur Cleveland Dent. Pp* i-iik 1^75. 
90 pis. July 7, 1943, 

NOh too. bifo hlstoriss of North Atuerican thrushes, kinglals, and their alliea. 
Order Pajeerirormea, by Arthur Cleveland Bent. Fp. t-vlli, l-diM, Si pis. June 
2S* 1949. 

CONTaiBUTiONa FROM TUB UNITED STATES N+4TIONAL HEHBAUtUM 

VOLUME 29 

Part 5. A rovision of A/n<rararpflM, b Neotropical genuB of shrubby gontianfl, 
by Jos^-ph J'lwan. Pp. i-vU, 209-249, pb. 1-5. Aug, 23* 19^18. 

Part 6. New goutsoa from TTondurn^. Colombiar Vanosuela* Ecuador, Bolivia, 
and Bra^ili by Jason R. Swallea. Pp. i—ill. 251“276. Fob-. 13* lDi9- 

PUBLICATIONS OF THE BUREAU OF AMERICAN ETHNOLOGY 

The cditorinl work of tbe Bureau oonlinued under the immediate 
direetion of the orlitorp Helen Palnior. During the year the follow¬ 
ing publications were issued: 
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REFOBT 

Sbtty-fiftli Annusl Report of the of Americui Ethnology* li>47-lW8, 

82 pp. 

PT7BLICATIOKS OF THE INSTITUTE OP SOCIAL ANTHROPOLOGT 

No, 8, Sierra Popolnca epeech. by Mary L. Foster tod Gcorse M. Foster. 
15 pp. 

No. The Terena and the Cadnvoo of eouthcro Mato Groaso, Brazil, by 
Kfllervo Oberg. 72 pp., 24 pis., 4 maps, 2 eboits. 

PUBLICATION'S OF THE FREER GALLERY OF ART 

OCCASIONAL papers: VOLtlME 1 

No, 2. PAlntings, pA'itels, drawingA, prints, and copper plates by Atid attributed 
to Amcriwin and Europeati erilsta, together wdtli list of original WTiisilorlana, 
In the Freer GoUey of Art, by Ruins A, Stubbs. 152 pp,, 20 pis. {Puhh SfflJS.) 
Aug, 6, 1948. 

REPORT OF THE AMERICAN HISTORICAL ASSOCIATION 

Tho AttAual rcportB of tlie AniericAa Historic^] Association arc trans¬ 
mitted by the Association to the Sewetary of the Smithsonian Institu¬ 
tion and are communicated by him to Congress, as provided by tbc act 
of incorporation of the Association. The following report volumes 
were issued Una year: 

Anoual Report of tho Aincriean Itiscoiiml Aissociation for 1943. Vol. 3, Writings 
OD Alueiicau Ulstery, 1980 luid lO-lO. 

Annual Report of the Americto IIlHlork'nl Asaociallon for 1045; 

VoL 2, Spain In the MMwhsljipl VaUcy. 1705-1704. Ft, 1, The Revolu- 
tionory period, 1705-1781. 

VoL a. Spain ia tlrt .Misaissippi Valley, 1705-1794. Pt. 2, Postwar decode, 
1782-1791, 

AnnuBl Report of the Aincricaii Hiiftorical Asaociaiioo for 11147. Vol, 1, Pro¬ 
ceedings. * 1 

The following were in press at the close of tho fiscal year} Annual 
Keport of the .iVmcrican Historical Association for 1045. VoU 4, 
Spain in the Mississippi VaUey, 1765-1794, Ft. 3, Problems of frontier 
defense, 1702-1794; Annual Report of the American Historical Associa¬ 
tion for 1948. VoL 1, ProccedingB. 

REPORT OF THE NATIONAL SOCIETY, DAUGHTERS OF THE 
AMERICAN REVOLUTION 

The manuscript of the Fifty-first Annual Report of the National 
Society, Daughters of the ^\jnerican Rovoluiionj was transmitted to 
Congress, in accordance with law, February 9, 1940. 
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appropriation FOK FEINTING ANB BINDING 

The congressional appropriation for printing and binding for the past 
yoar was entirely obligated at the dose of the year+ The appropria^ 
tion for the coming fiscal year ending June 30^ 1950j totalfi SLOSpOOO, 
allotted as follows: 

Goncral ftdrninbtmllon (Adjiua] Report of th& Boird of Repeats; 


Annuftl Report of the Socretary)-^^^-*^*--— tlS; 

Nat^oeaL Museum-.------ 36^ 

Bureau of AoioriMn Ethtioltjgy----- 21^ 

National Air ________ 3. 

Servitjc dlvfeion (Aoziual Report of the American Iljsiorjcal Assoeia- 

tloa; blank fonit9j Museum priut shop)_....__ _ _ iOO 


103 , 000 

Respectfully submitted. 

W* P* Thite, Chiif, Editorial Division, 

Dr. A. WetmoeEp 

Secretaryf Smithsonian Indilution. 
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REPORT OF THE EXECUTIVE COMMITTEE OF 
THE BOARD OF REGENTS OF THE SMITHSON¬ 
IAN INSTITUTION 

FOR 1'HE YEAR ENDED JUNE 30, 1949 

To the Board of Regents of (he SmUAsonian Ijistituiianr 
Your eKecutivo coiamitUo rcspocLfully stibnaiu the following tioport 
m relation to the fimJa of the Smithsonian Institutiori, together 
Adth a atatoment of tlio appropriations by Coogresa for the Govern¬ 
ment bureaufl in the admitiiatrativa charge of the Ijiatitution. 

SMITHSONIAN ENDOWMENT FUND 

The original bequest of Jamea Smithson was £104^900 Sii 6d^— 
$508,3 18.46 h Uefunda of money expended in proaecution of the 
claim, freights, insurance, etc., togetlier with payment into the fund 
of the mm of £5,015, which haci been withheld during the lifetime of 
Madame do la Batut, brought the ftmd to the amount of $550,000. 

Since the original bequest, the Institution has received gifts from 
varioiie sources, the incomo from whieh may be used for the general 
work of the Institution, These, including the original bequest, plus 
auAunga, are listed below, together Avitli the income for the present 
year. 

ENDOWMENT FUNDS 


(Income for y nnstHcted uee of the Iiwtitutioe) 

Partly depMited in United Statea Treasury at 6 peneeat and partlj inveirted in 

sieckSp bonda, etc. 



InrotnwDl 

fn^m* prfi- 
int jiAT 

pAiail funil SmiilLiera boqiMt, rltu 

Bubwimti bequMlA tUK3, etc., pofiLf dipMJlHl la lb* U. 8. Tf*ii«iry 

4 feod portlT ImxtM W tb* 

Avtry^ aobeft 8»u3d tydiA, btqoMl ftuKi.. 

KE^OvAicbt Cliw. .. ... 

Dr. fl., baquMt . 

liarbQbbprt, Oeim Pk kkI Cv4bl)i« btrqiist Itmd -- 

llABLlUfia, Jnmw, WiiiNi Itaid— . . . —............ 

llHir?^ C*P»14nfp bMuesI fond ..-. 

Uo^likltu. Tlwnwi a,p (Rii£nl>cin ..— - -- 

PorieTp UwJirr latmvM fttod. — 

aim, WLlHam beqoMtftEnd. 

Simfon^ Clf^Jrt* IJ,, nuHnorW Itpwl —---- 

wjt&rnp«o. I fcwWaj A.. □HffmrM tmid- - . — 

S|udal taadp ttotk la eli£»«J .... 

f7%,i[7VLJO 

141 m4s 

H^nTkm 

fpDdQLll 

2,910.54 

1,536. nr 

If^41IL09 

]pD43.M 

3.000.12 

ai2&aw 

3. . 

14, m T4 
*0.00 
1TI.B7 
167.36 
ELIO 

13, 

l&LM 

6,511.70 

mo 

p^^ ... ... . .... 

mil3SLA 

4^i«LH 

Gnad UCnl - - -..... - - 

ip7n,AiT.ia 
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Tli0 iDstUution ho]d$ fllso a number of endowment giftSj tba mcome 
of Oftclii being rcstiictod to specific use. These, plus accretions to date, 
arc listed below, together with income for the present year. 


Abbott, WLEli&CQ L.t hiDEl, tor In blots™?-. 

ArUiar, Ibshs. hiM, tor Inrtftl^ttoDi uinl m*Xy of tne 


nn ud toctiizb 4<a 


B&ooa, V In^la TutiI?, fmul, tor mv>t!ltoE flCbolArfbjp ta lii\'uE3Eati Ivim *4 
ootmtrtfei other than tht rnited ------- —- - — ^—-— - - 

Baird. Ltinr EI-p hindp tor crrsaUni ameraorlia t&$r^larT Badris 
BArftOV^ Frfdrrlct D.. fund* tor piiretiaw of anlmali for ZwtostcM Part.. 
Cand^ OollKtton hifUJ, tor ^etmm and can ilf ibi CandaH ODlkotJoo 4f 

mliAarali..___ ...........r- 

CavfT.Tbomaa L.* toCHl, matotmwor Iba Ca»? wtkflUoEU and preoio- 

tlwi or rtfWOhH ralaiba( t* Dotaommu--- -— 

ChamlHfhJn. Fnindj Lea. nand, tor&CiW and inoeiotton Of tow L» wl^ 

ElokoHieyer, FtorcofseBreUKirt,iltajiiiljMindoxhtbidonof ibo 
ptMtrvrafhto otltoftlon of Rudo^pb EMwmef^ Ir ^-r —''" V.V 

hind, tor IncrsWaridfloreof VlrST RUIjm wltoctton of Ughf- 

AVlKrl a.; "lib tor"(Snr oIHfrdi^' 

LIEHV?. . ■ - -t - -_--■ - -- .-m ,. mm.mm-m m t - x ^ i -- 

BodfkSod figiid,^ ipeitilkr, fir Incrvaii^ diatuLon of BQpra orUCl hnowtodfn In 

nc^ to l»4m w4 iiroportiffl of atmnspbwle air., ^x- -x - - - - --- - - ; - -- 
tfrqll^ AW and Marki. ri;tsd, to tanher nMar^bo* lb pbyiim anLbro^ 
pobvT and miMto al to n lo oouHcthn tttof««Ub...... 

Billow tattd, to torind ltoxh*ialM>«.__. —xx-- — -—- 

Looff, AWMtttand Edllb C,., tuud.torsnk^r^ Aod pnaerrattod of Lor« oof- 

Myof. Cutlmtea Walden, ftjivd. tofjiLmhflflM ofjrst-eljiii wutfjsj of art tor Ebo 

lisa oDd baewflt ofth* National CoDKtton 0l Pliit Arta. 

Wtmoi, ^bUftP,t1^ileaL hind, tor bwdt of Iba Notlotwl C 4 ll«Clloa of Flna 

FpII, doting' ijVlivntoa.' fund,' P^ WrdntVnaM 'pf aIim' DOaoo ^ 

FwrW LttoyTVand Oe^e tia "wto^ 

prfrilpil amoonti to S£U^-- ---- - - - ----’ -- 1 - -: — - -,- 

BoibbnOp nicbaril TSHnorial fkind, tor UBO of dtfIfton of IT. E. NotlooaJ 

xi rtyi tw eoutaliibOtc CnioxaocA......___ 

IteUI. AdiLUOB T.p fund, for buudinjr tliflir in btolofy* In idhuotT of Aatwf 

Tncilj ,-------- 

RoobIfnfE ColhKiton fund, tor con^ bnnrOTNstEtolp Vi4 IntKW of ROeblIni 

OoU^tiLton of ralnomlo....--.,..------ 

RollEns, bUrimn and WkUtoin. fund, tor llVire«tlffuttoE 4 In physha aAd cbetoll- 

^ HI PI 1 - * — — __ AAA - m .A.« A A HA ■ ■ B^-r I ■ ■ ^ P —— — — » A A A.A AA ■ A A ■ ■■nVITWT VT — — — 

Stoflboonliio qiQpt^oi^ ntiroincnt fund........ r, ...--x-^------^^->^-~-^^- 

flnHnifef, FTaakp hmil, tor ear*, eto.hOf ffprlnitrrmllectton and Ubniy^.^.. 
WflkMi, ChrtrlBj 1>. and Morr Vam, ronaitb fund* tor tbo doY^lopmont of 

hoIokWi and poleofltoloittoail Ktulho and pubtlaliitii roMIiU Lharoof.. 

Yocm™, HeJrn WideotL tond, bald lo trun ........ 

aifrbw, Franm Urlnckja* fttnil, tor endawinefiL Olaadarid,.....x...xxx-- 


Totia„. 


IthTHtnUrOt 

Incomfl pfoa- 
efit ?e*r 


*4.17113 

«L^T^43 

i^rusLOS 


*SLTa 

.33*B0L»D- 


«v3Dlll.« 

»LW 


i,m,n 

fillM 

21. eg 


390lK5 


07.44 

lU0l,U0l» 

i, 000-00 

iei.0A7.TI 

191, 

TRS.9I 

*17. M 

SddElT 

^30 

421.3* 

16,^71 

ftlO.IM 

11114151 

437.37 

TpAlO.W 

31470 



I4,T»,1S 

451. 01 


i,5d*eg 

1231*31*-01 

iisr.w 

V.%2-W 

4. mg 00 
I, I4T.5I 
700,33 

331.A?fi-Al 

4AjW.7a 

HST-aO 

11 TIT. 17 
irifl.m 
w.sa 

lp3417nL7^ 
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FREEH GALLERY UF ART FUND 

Enrly ui 1906, by deed of gift, Charles L. Freer, of Detroitp gava to 
the Institution his collection of Cluneae and other Oriental objects of 
artp as well as paintingaj, ctching^i and other works of art by TiMiistler, 
Thayer, Dewing, snd other srlista- Lntcr he also gaYC funds for the 
construction of a building to house the coUection, and finally in his 
will, probated Kovember 6, 1919, be provided stock and securities to 
Uie estimated value of 31,958,691.42, as an endowment fund for the 
operation of the Gallery. 

The above fund of Mr. Freer was almost entirely represented by 
20,465 sJiarca of slock in Parke, Davis & Co. As this stock advanced 
in valuep much of it was sold and the proceeds reinvoelcd so that the 
fund now amounta to 36^092,775.69 in a selected list of securitica 
dassihed later. 


SUMMARY OF ENDOWMENTS 


Invented endowmem for geacml purpCfiCfi—--Sip 702, 517.18 

Invested eadewmeat for Bpeolfie purpoflca other tliaa Freer Ea- 

------- L 645i 77a 78 


Total tttv^^ted endowm&al other than Froor cndownient^ 3, 048. ^03. 96 
Freer taveated endowment for specLfia purpo«a-~,--- 6. 992, 775. 69 


Total invcited endowttieni for psirpofics- 


CLASSIFICATION OF INVESTMENTS 

Deposited in the U, B. Treasury at 6 percent per anneiii, as auth¬ 
orized ia the 8. Ravlsed Statutee, see. 5591^.-.. tLOOD, 000. 00 

Invefltmeata ether than Freer endowment (coat or market value 
at date Bequtre<D: 

Bonds .... *683,834,86 

SEoeks..1,245,283.78 

Real catate and firat-mortgaee nolea_ --^ _ 62, 790; 83 

Uniaveated capital,,.-,---------------^- -56^ 384. 49 

-- 2,048,mss 


Tola] Lnvestmenta other Ihiin FrtKr eudowineat^-3, 048, 293- 96 

Investrneni cl Freer endowment (cost or aiarkot value at date 
acquired): 

_-_- 82,025,452,84 

Stcckfl- _ ^8,133j 8SL 17 

UoinvMted eapital.--,^^^-33, 441.68 

■ -- 6j 092, 775. 69 


Total invcstaionta 


9, 141,060, 65 
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CASH BALANCES, HECEIPTS, AND DISBURSEMENTS DURI KG Ft SC AL 

YEAR IMD' 

Cdfrli bnlnnce an liand June 30, 1048.______ $503, B47» 37 

Receipts otlicr than Freer endowment: 

Income from inveatmenta,^,,____ S15e^ U19, ID 

Cifte and coatrfbuticmfl-.—-___ 48, 143. 71 

Sales of publieaUona. _ h- 33, 2Sl- W 

MboeUnneous______ID 


Total roecipia other than Freer endowjnent. 249, 2ia 00 

Reeelpta fmm Freer endowtnent: 

Income from inv^men^.______ $ 282 ^ 265 , 4 S 


Total roceipta from Freer endowment-_ _ __282, 265^ 49 


Total------1, 095, 332. 85 


Disbursementa other than Freer endowment: 

Adminktrnlion,,.^^____ S43, 422. 75 

PubUcatloM.... 45.618. 12 

Library-.. 3,977. 10 

Buildinj^—care, ropafra, alterations-^^____ 138 DO 

Custodian foes, etc____ S, 293- 15 

Miscellaneous-____ 3,822,77 

Reoearches._ 127^412 94 

Smithsonian Retirement System___ 3, 608 29 

Purchases of aecodUea -- 4, 508 63 


Total diaburaementa other than Freer endowment_235, 790. 54 

Dittbursemente from Freer endowment: 

Salaries___583. 48a 37 

Purchases for ooUeetionB..____ J25, 050. OO 

Custodian fees, _ 10,858 00 

Mlecdlaneous...... 36, 591 80 

Furohaaee of eecuritiea (net}__ SO. 531. IS 


Total disburiemenU from Freer endowment.,-,_^ 326, 614. 35 

Investment of current funds In U. S. lkinda,______ 2, 578 13 


Total didburKineaU---______ 564,902; 12 

Cash balance June 30* _______ 530, 33a 73 


Total,,..... _Lm5,322. 15 


< Tbli vtiEpracEil 4 d« ihi 4 lodudd uoacr th* v 3 mlab¥rntlv« cibsn* ef Uw 

tHiLltutloan 
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Qub: 

States Treasury cur- 

rent ___ 

Id bankj &nd od haad..-... 


ASSETS 

mo. 20L ^5 
170, 12& 78 


^30, 33a 73 

Less un Id vested ondowinent 

_ __ 89x S2a 17 

- $^140, 304 5G 


Travel and otber ftdvancefl__^^^ .. i U 

CmIi invastcd <U* S. Treasuiy instea) -*.,,, 502, iia 37 


InvestmeDta^nt bonk veins: 

Endowment firndfl: 

Freer Galfeiy af Art: 

Stocks niid bonds_039^ 334 01 

Un invesUu^i copitfll„ 33j 44 L 68 

- - 3, 002, 775. 0& 

Ins'estmentB at book valite other thnn Freer: 

Stocks and bonds . SU 020, 1 !& 04 

Beal e^Uto and mort¬ 
gage Dotee,^-62,790. S3 

Uninvested. CAliiUl-,— - 384 49 

Speeial deposit La Uf S. 

Treasury* Intefftfltat 

6 pereent. _ I, 000, OOa 00 

—— - 3,048,293.90 


$954 35 


9 , 141 , ooa 05 


10, D95, 97a 00 

UNEXPEMDUa FUEIJ& ANO ENDOWMENTH 
Unexpended lands: 

Inoozne from Freer Gallery of Art endowment -- 393^ 411. 83 

Income from other endowmonta: 


Reatrieted-.. ____ S187i 425. 28 

Generel___ .. 85. 50Sk 74 

— — - 273, 025, 02 

Gifts and grants.-^--,, —---— -- 23^ 468, 71 


9M, 905.35 

Endowment fandi: 

Freer Gallery of Art-__^^------ - $6,092,775.09 

Other: 

Reatricted,-^.-- $4 345. 770. 76 

General. . It ?02, 517 p IS 

-3.t>tS.S9X&B 

---— 9,141,069105 


10, 095, 975. OQ 
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Tbe practice of piatHtainin g sAVtugs accounts in several of the 
Wosblngton banks oiifl trust companies baa been continued during 
the past year, and interest on these deposits amounted to $824.74. 

In many instances, deposits arc made in banks for conTcnienco in 
collection of checks, etc., and later such funds are withdrawn and 
deposited in the United States Treasury. 

Disbuisement of funds is made by check signed by tbe Secretory 
of the Institution and drawn on the United States Treasury. 

The foregoing report relates only to tho private funds of tbs 
Institution. 

Tbe Institution gratefully acknowledges gifts from the following; 

Amerlean Philosophicnt Society, tar Iroquout rescarcli. 

W, W. CoMorwn, for B. F. Starr. 

luicltemcycr F^ute, for prcwni'ntioii, etc., of Rudolph EJeketoeyer photoj;!rnphic 
iSOllcetLoa^ 

E. F. Kittipp far om of Ifceiuirtnijent of Botany. 

NAtbubl Academy of Seioneeap for study of flora of Okinawa. 

National Gaourapliic Societyp oxpfrdiUQn to wealern PanKmid. 

Rascorcli CorporatioD. 

John A. Tiocbling, AdditioDa] conlribtilion for rcsearchea In radiation. 

Tb« following approprifiiiorta were tnadts by CongrisBs for the 
Government bureaus under the administralLve charge of the Smith- 
soDiau InatittitioTi for the fiacal year 1949: 


Sdjaricd and expenses-.-.—--——- 92, 259 , ODO* 00 

National Sksologiciil Fsrk_,,--—------ -528, 84a 00 


In additioD, funds were transferred from other Departments of the 
Government for expenditure under direction of the Smilbsonian 
Institatioii as follows: 

Gooperatioa wUh the American llepubUca CtmiiBfcr from the State 

Department)----------SD7t 900. 00 

WorWnj^ Fund* trftJiBfcrred from the Natioisal rarh ScrviEep 
Interior Department, for nTcheological investigations in River 
Basinu throughout the United Stattijs,,,,-- --- SOO. 00 

The Institution also administers a truBt fund fox partial support 
of the Canal Zone Biological Area^ located on Barro Colorado Island 
in the Canal Zone. 

The report of tho audit of tho Smithsonian private funds follows: 

SEi-TEiiBea 14p ia4Qp 

To rua Board of REOBirrB* 

SHtTUaONtAlf INfiTITUnO^% 

U^a4,hitt|rJofl SS, D. C, 

We have examined tbe aeoouols of the SoiitlieonliiD Inftltntioa relative to ita 
private endowmect fundu and gifta (but exclndinic the NatioDal Gallery of Art 
afid other departmcDte* bureaus, or operation^ adminfatered by tbe iDatitution 
under Foderal appropriations) for the year ended June 3flp 194D. Our examlna^ 
tlon wae made [n aecordance i^ith generally aceepted auditing sumdord#* and 







SECBETART'B REFOBT 


149 


accorditigly inrfudwl such teats of the acpounting records and sueli other Huditing 
procedures ns we considered oecesEary in the mrctiirLKtsncca. 

The Institution mainteJna Its nccouuts on a cash basis and docs not aecnie 
Income and expcnsca. I^ancL, bnJldlngs, furniture^ equipment^ worts of art^ 
living wid other specimens and certain sundry property are noti Included In the 
accountB of the In^tutlon. 

Tn our opinion^ tlie Moompanying financial statements present fairly tnt 
pwiUon of the private fkinda and the cash and lovestmonto thereof of the Snaith^ 
Bonlaa Institution at Juno 30, I WO toxcluding tlift NailoDid Oailery of Art and 
other departmentSp bureaus or operaUoitB admloistcred by iho Institution under 
Federal appropriations) and the ca&h rcceipta and dlsbursemenU for the 
then ended, ia conforniity with generally eccepted accounting principlsa applied 
on a basis eonslatent with that of the preecdlng year* 

FeaTp Marwick* MjtCHRUL ds Co. 

Reapcctfullj aubmitted* 

Robekt V. Fleming, 

VANNEVa-R BiFan, 

Clarekce CannoNj 

Pjfjf niiim Comtiiiffce- 
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SMITHSONIO REPORT FOR 1949 
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ADVEfiTlSENfENT 


The object of the General Apfendix to tho Anrtoft) Keport of the 
Smithsonian Institution is to furnish brief Recounts of scientific dis¬ 
covery in particular directions; reports of investigations made by 
collalwrators of the Institution; and memoiru of a general character 
or on special topics that are of interest or value to the numerous 
correspondents of tho Institution. 

It has been a pronxinwit object of the Board of Begents of the 
Smithsonian Institution from a very early date to enrich tlie annual 
report required of tliem by law with memoirs illustrating the more 
remarkable and important developments in pliysical and biological 
discovery, ns weli as showing the general character of the operations 
of the Institution; and, during the greater part of its history, this 
purpose has been carried out largely by the publication of such papers 
os would poBsem an interest to all attracted by scientific progre^. 

In 1880, induced in part by the discontinuance of an annual sum¬ 
mary of progress which for 30 years previously had been issued by 
woli-known private publishing firms, the Secretary had a series of 
abstracts prepared by conqictent collaboratoi's, showing concisely the 
prominent features of recent scientific progress in astronomy, geology, 
meteorology, physics, 011011116117 , miueralogy, botany, zoology, and 
antliropology. Tliis latter plan was continued, though not altogether 
satisfactorily, down to an diiicluding the year 1888. 

In the iTCi»rt of 1889, a return was made to the earlier method of 
presenting a miscelJaneous selection of papers (some of them original) 
embracing a considerable range of scientific investigation and discus¬ 
sion. This method has been continued in tho present report for IMS. 
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THE FORMATION OF STARS ‘ 


Bt LtkaH Swkeb, Jb* 
Frineettm UniPfrwita OhttrvtUon/ 


{With 3 rbta^ 

If research lii aBtronomy list! stopped in 1913, our knowledge of 
stellar evolution today would be in a satisfactory state. At that time 
astronomers liad a pfausibls tbeory of a star’s life cyde. Einstein s 
theory of relativity, ntlvonMd only a few years before, showed that 
mass and ener^ were interchangcuble. It was iberofore natural for 
astronomers to aflaumc that stars w'cro formed as large massive bodies 
which through successive century after century continued to radiate 
away matter. Ultimately most of the matter ui a star, according to 
this picture, would be radiated away as light and heat. In this w^ay 
all the Blara, despite Uieir large diirereaccfi in mass, formed part of 
the same evolutionary sequence. 

Unfortunately', this sunple, sweeping, and satisfying picture became 
discre<1iied by additional information, both astronomical and physi¬ 
cal. On die astronomical side, evidence began to accumulate that 
the universe has not lasted long enough for most stars to radiate 
aw'ay much of their matter. The expansion of the uni verse,_ the 
prcseiioo of urauiuni on the earth, tho existence of certain relatively 
transitory clusters of stars, all indicate that something happened 
about 3 billion years ago. If the universe was not created then, it 
was certainly vory extensively rcorgaiiizeJj some sort of cosmic ex¬ 
plosion apparently took place at that lime. Since tho sun, a fairly 
typical star, woiUd require many hundrcrls of billions of years to 
radiate an appreciable fraction of ite mass, its total mass has ob¬ 
viously not changed appreciably wilhiu this last few billion years. 

On the phj'sical side, uucleor physicisU have learned a great deal 
about the sjjecific processes by which matter can be oonvcrt<^ into 
energy. Tho only known process of importance which can hberate 
energy inside a star is the combinaiion of four hydrogen atoms to 
form a helium atom. Calculations carried out by Ihe nuclear phys¬ 
icist Prof. Hans Bethe, show that in tlie stars this prooes occurs 
through the catalytic action of carbon and nitrogen nudei. Since 
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four hydrogen atoms weigh 0.7 percent more thiiD one lielium atom, 
the additional mass is released aa energy and can be radiated by tbo 
star. Even if a star is originally aU hydrogenj the total mass radiated 
can evidently not exceed a very small fraction of the mass of the star. 

As a result of these findings we now know that the univcisa has 
apparontly not Jailed loog enough in its prosont form for stars to 
radiate much of their mass, and in any caso there seems to he no 
physical process by wliich a star could radiate away most of its mat¬ 
ter even if there were time enough. We are forced to conclude that 
the pn^sent variety of stars in the aky is the result of the original 
methoil of star formation rather thm of any evolutionary procesan 
And the fonnatioa of stars in general la still a closed book, since the 
explosion of the uni verse a few billion years ago has so far defied 
any attempts at detailed analysis. It is even poesibio that the basic 
laws of nature may have been quite different at that time. Thus 
our researdi in the direction of gencnd stellar evolution reminds ono 
of Browiiiug's pliilosojiherp who bad 

. * . written tlirw books on tlio soul, 

Proving absurd bH written bJtberto 
And putiiDg us to igtioratioo agaiD. 

SUPEEGIANT STARS 

Wliile tha origin of the universe is still boyond our understanding, 
some progress has been made in explaining the origin of a ear tain class 
ol stora, wliich may have been created relatively recently. A super- 
giant star is ono which radiates light and heat some ten tliouaand 
times os strongly as our own sun. There are not many of these stars, 
but 111 a galaxy of many billions of lesser stars they stand out in the 
aamc way that a scajchlight stands out from a ewarm of firellies. 
These stars are burning their candle at both ends and they cannot 
last very long, astronomically speaking. Within a mere hundred 
million yearsp such a star must burn all lU liydrogen into lielium. 
There is no known way in w'hich a star can remain dark for a long 
period of time ami then suddenly start shining. Wo conclude that 
these euporgiont stars have formed wdlliin the last hundred million 
yeajs—less than a tcnUi of the ago of the utdverse. 

Of couraa, it b poagible that nuclear physicists have overlooked 
some important process by wdiidi a star can radiate a much larger 
fraction of its mass than tho hydrogen-into-hdiurn process liberates. 
Thb does not seem very likely* since the energies with which the atoms 
hit each other inside a star average only a hw thousand electron volts— 
a small fraction of the etiorgics developed in such atom-hunting dovicaa 
as the cydotron and synchrotron—mid since the nudear rcaetloua 
produced at low energies have been fairly w’ell explored in the lah- 
oratorj^ 
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If it 18 assumed that these etare have in fact been formed wit^ 
the lest hundred million years, the mechanism for this formation is a 
problem which astronomers may hope to invesligate with some hope 
of success. Within thb interval, conditions in the universe have 
apparently not changed vary much and an e.'iammationof the univorw 
about us may actually indicate how supergiant store have formed m 
the past, and may even be forming at the present time- 

CLOt;DS—TUE CLUE 

The clouds of matter which float about between tho stars are an 
obvious source of material for star formation. Recent mvcstigations 
show that these clouds are in fact so closely associated adth super^ant 
stars that a physical connection between them^ seems very 

In brief, the observations indicate that supergiant stars arc found 
only in those o^egalions of stare where intersUiliar clouds of matter 
are also present. More specifically, obscrvatimis of stellar galaxies, 
each one a niihion or so light-years away and each, Uko our own 
galaxy, containing many biUions of stars, show that supetgiant stare 
are found only in spiral galaxies. These spiral systems, like the 
huge galaxy in which our sun is located, are flatloned, disk-shaped 
systems some hundred thousand lightr-yeare in iliamcter, each one 
rotating almut an axis perpendicular to the plane of its disk. A 
typical spiral galaxy is sliown in plate 1, figure 2. The characteristic 
feature of tlicso sj'stems, after wdiicli they are named, is the presence 
of a pair of arms ivhich apparently come out of tho central nucleus and 
W'ind around the system. 

In tho elliptical galaxirs—which are not rotating so rapidly, are 
not BO flattened, and show no spiral structure—no supeii^d^t’ stare 
are found. In fact, long-exposure plates at the Mount Wilson Ob¬ 
servatory have shown that the stare in these systems have a shan» 
upper limit on their brightness; no star greater than tlie critical bnght- 
ncss can be found, while below tliis critical brightness myriads of 
Stars appear on the photographic plate, TIub result is Ui marked 
contrast to tlie observed brightness of tho stats in spiial gslaxiw, 
where there are always one or two brightest supergiant stars, a number 
of less bright supergiaiits, and a gradually increasing number of 
fainter and fainter stare. Tills sharp upper limit on the brightness 
of stars in elliptical galaxies is just what one would c.tpect if no new 
stare haii been formed since the beginning of the utuverso, and if 
the brightest ones bad burned up all their fuel end gone out. 

Detailed examination of galaxies also indicates that clouds of matter 
botween tho stare arc found only in spiral systems. In ellipticfa 
galaxies the vast stretches bctw*een the stars are very nearly empty, 
but ia flattened spiral galaxies like our ovrn ihcre is about os much 
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matter bohvccn the stare as there is insido the stare, This association 
between obacuring clouds and supei^ant stare is strengthened by the 
fact tlmt in the closest galaxy, ttia great nebula in Andromeda, eupor- 
giant- stare are observed to occur in exactly tboae regions where the 
obscuring clouds are most prominent. Thus the observational evi¬ 
dence indicating a physical coimectiou between clouds and supeiv 
giant stars is very strong. 

Before wo can accept the itypothesis tliat supoi^iant atars havo in 
fact fenned from these clouds we must investigate whether or not 
there is some process which could cause iaterstellar matter to condense 
into stare. In tJiia way wc are led to consider tho physical nature of 
tliestufTbctwconthestars, andthc forces which opera to on i t, Thir ty- 
five years ago the very existence of intonstcllar matter was not fully 
realized but recently extensive information on this topic has btsen 
obtained. 

ATOMS TN SPACE 

The dominant constituents of interstellar matter arc believed to be 
individual atoms. These atoms absorb or emit light of particular 
wave lengths, which can be measured accurately by use of the spectro¬ 
scope. In some regions, where the gna is at a high tempera turn, 
bright emission lines of hydrogen, oxygen, and nitrogen are observed. 
Measurements of the intensities of ihcao lines show that the density 
of the interstellar gas is about one hydrogen atom in eacli cubic 
centimeter, witb other elements present os slight impurities, The 
mlerstellar medium is a tnudi better vacuum than is ever obtained in 
a teiTcstrial laboratory, If a fly were to breathe a single breath 
into a vacuum chamber as big as the Empire State Building, the re¬ 
sulting density of the air would still be much greater than the density 
of the interstellar gas. 

In other regions of space the interstellar gas is cool, and no emission 
lines are produced. Instead, tlio atoms abwrb tlie light from distant 
stars, producing absorption lines at particular wave lengths. The 
absorption lines of tho abundant gnso, hydrogen, helium, nitrogen, 
oxygen, etc., when these are cool, lie far out in tho ultraviolet, where 
they cannot bo detected. Interstellar absorption lines of sodium 
calcium, titanium, and iron lie mthin tho observable spectrum and 
have boon observed in tlie spectra of bright stare a few thousand 
Ught-yoars away. These lines are very sharp, and can usually bo 
distinguished from the lines produced by the atoms in a stellar at¬ 
mosphere, where the high tempersture and pressure give wide lines 

Recent work has been concerned with tho detailed distribution of 
interatellar gns. Measurement of tho strongest aljgorption lines, with 
the most powerful spectrographs available at the 100 inch telescope of 
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the Mount Wilson Observatory^ shows that a single line is frequently 
made up of several components. Each separate component is pn>- 
duced by abaorption in a single cloud of the dffierent components 
being separated in wave length by the ditTcrenco in Doppler effect 
produced by the different cloud velocities. These clouds, each one 
about 20 ligh try cars across, are moving through space at speeds of 
some 10 or 20 miles a second* A more detailed undcratanding of the 
nature of theso clouds is desirable before one can discuss in detail how 
interstellar matter can form new stars. Further work along these 
lines is now in progress* 

SOLID particles 

In addition to the separate atoms diiTting about in Bpacc* small 
solid particles, or grains, are also present. Each grain is about one 
hundrtid-ihousandth of an inch in diameter; 10,000 placed end to 
end would make a line about as long as a period on this page. Since 
the size of these graitis is just about equal to the wave length of visible 
light, these particles ore of the size which is most effective in absorbing 
and scattering light wavcB. These particles are responsible for the 
general obscuration produced by ilie clouds shown in plate 2. Par- 
tides of i^maller ^tzo are presumably also presentp but these do not 
produce sudi a noticeable effect, and can therefore not bo detected. 

Tho propcrtica of these particles have been delemiined from acrivi- 
rate measurements of the obscuration which they produce in light of 
different wave lengllis. This ob»curalion is greater for blue light 
than for red lightp which proven that tho particles cannot be much 
Itirffitr in siaa than the wave length of light. On the other banilj the 
obscuration varies inversely only as the first power of the wave lengthp 
instead of as the fourth power which is obaerved for scattering by the 
molecules of ihe aimospbere. From tliis ono can conclude that the 
graitis are not veiy much smailer in size than the wave lengtli of light. 
In this way a particle size of alxjut the wave length of light has been 
determinoiL From the fact that the giulns seem to scatter more 
than they absorb it soems likely tliat they are dielectric ratlior than 
metallic in composition. Ifp us scetiis IJkdyp these grains were pro¬ 
duced by the sticking together of individua! atoms^ the enomious 
abundance of hydrogen relative to other dements would be expected 
to produce solid hydrogen compounds, in particular, ordinary ice. 
Howevcri impurities of ail other elements would also be present. 

Studies of the distribution of these grains have indicated that the 
doiids in which those grains are cotic<mlratcd are apparently idontical 
with the gaseous clouds already described. Thus whatevor pushes 
atoms into clouds also pushes ibc grains together. 
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FORCES IN INTERSTELLAR SPACE 

To discuss iu detail how etuff in space cru condense to form new 
&tAt^ we must determine die physical condiiiotis of matter in space. 
In particular, we must combine the Dbaerrational evidence described 
abo^e with our knowledge of baste physical principlce to investigate 
the different forces that ere at work on the different particlea. Only 
in this way can w'e predict how the inl^^tellar medium will behave 
under various widely different oonditions. 

In the immense vacuum between the stars, an inteiatellar particle 
spends most of its time moving in a straight line without mU^rruptiou. 
Occasionally, one of tw'o things may happen to its an encounter with 
another interstellar particloj or an encounter with a light w^ave, or 
photon. The information w^bieU physicists have obtained on such 
processea is not so complete as ostronoiners would Ukc* but b sufUcient 
for an approximate evaluation of the effects which these various col¬ 
lisions will produce. 

The collisions of the interstellar atoms and grains with each other 
help determine the temperature of matter in space. In most cases, 
the collisions are elastic and the kinetic enoi^ of the different par¬ 
ticles is exchanged back and forth; as a rosultj tlic distrtbutiou of 
velocities corre^iponds to that in ihennal equilibrium at $ome particular 
temperature. Photoembsion of oneigelic electrons from hydrogen 
atoms and grainsj on absorption of photons^ tends to keep the tern- 
peniture high, but inelastic collisions between atoms and grains tend 
to pvti a low teinpei“ature. Near a very hot and very bright star the 
goa will be heated up to alsont 10^000® but in other regions a tem¬ 
perature of about 100* K. seems Ukoly. This difference of tempera¬ 
ture between different regions is believed to produce cosmic currents, 
or winds, In the same way as the winds on earth arc produced. 

In some cases the interst-cllar particles stick to each otlscr on col¬ 
lision, Thus atoms stick together to form molecules, molecules stidc 
together to form larger molceuleSj and grains grow' by slow accrerion. 
This process was analyzed during the war by a number of Duleli as- 
tronomerSt 'vbo were able to show that the interatellar grains have 
probably been formed by this evoltitionary process within the last 
few billion yearB. More eccurato phyaical information on colli.sions 
between particles at low energiea is required to make this theory 
more quantitative. 

Collisions between grains and photons are important in star build¬ 
ings It is weU known that light exerts pressure. Since starlight in a 
galaxy comes from all directions In the galactic plane, a single grain 
will be knocked this way or that by photon colhsiomij without any net 
motion resulting. Howeverj wlion several grains are present, ilm 
shadow of each one on the other unbalances the radiative forcej and 
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photons atriking froni tba opposite sides push tho grams toward each 
other. Aa a result, there is an etfcclivc force ol attraction between 
grains which is several thousand times as great as the gravitational 
force between them. 

STAR FORMATION 

The farther w’e go awa}' from observational data the more uncertain 
our theories become. The mecbanlsm of star formation, which is the 
ultimate objective of much of tho work doscribod abovo, is still in a 
ratber speculative slate, However, putting all the abovo information 
togetber does provide a reasonable preliminary picture for the process 
by which stars can bo formed from interstellar matter. 

The process may be assumed to start with on interstdlar gss, 
formed at tho same time as tho rest of the universe, Tho first step 
in the process is then the slow condunsatiou of interstellar particles 
from the gas. After these particles have readied a certain size, the 
radiative attraction between them forces them together and they drift 
toward each other, forming nn obscuring cloud in a lime of about 10 
millio n years. Ill a cloud, where the density of grains is high, the 
temperature tends to be low. In the surrounding re^on the high 
temperature produces high pressure, and the low-tcmporature, low- 
presaure cloud tboreforo becomes compressed. In thia way the density 
of gas within a cloud will bo increased, corTesjionduig to tho observed 
result that a cloud of grains is also a cloud of gas. 

Currciita produced by difrercnccs of temperature and also by the 
general rotation of the gnlaxy will tend to tear some of these douds to 
pieces. Oti the other baud, Oic forces of condensation will puU them 
together and somo douds may bo expected to go on contracting. The 
radiative force bccomia LncfTcctivc when the clouds become so opaque 
that light docs not penetrate into them very far. At thU point 
gravitation takes over and tends to produce a further con traction. 
In tills stage a doud lias a diameter of a light-year or less. Small 
opaque clouds of tliis typo, called globules, have been known for soma 
time, and are shown in plate 1, figure i. 

One of Uie chief problems concerns the angular momentum of this 
prestcllar globule, or protosUr. According to Newton’s laws of 
motion, the angular momentum, which is pnoporLioiial to the product 
of the radius and the rotalionaJ velocity, rcmaiiis constant; as tho 
radius decreases the rotational speed increases. Since tho radiua of a 
typical cloud is some 10 million times tiie radius of a supctglant star, 
this increase in rotational speed can be quite imprcaalvo. Unless 
some way can be found to dispose of tho angular momentum, a proto- 
star would hurl itself to pieces by centriftigal force. The possibility 
that turbulent motions in the gas may carry the angular niomentam 
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away baa been explored by several German astronomers. However, 
the turbulent velocities involved would exceed the velocity of sound 
in the inlcrstellnr |?ss, and physical information about this type of 
turbulence is virtu ally nonexistent. In this country the possibility 
has been advanced that a galactic magnetic field might produce 
electrical eddy currents in a rotating protostar, which would then 
damp out the angular momentum. 

An intoreating variant of this star-building picture has been pro¬ 
posed by Dr. Fred Whipple, one of the astronomers who lias con- 
tributed roost to Ibis theory of star buUding. He su^icsts ^at a 
condensing doud may have produced our solar system. In view of 
the widespread general interest in the formation of the solar system, 
such a bold extrapolation of these theoretical concepts bock to con¬ 
ditions several billioa years ago is naturally of much significance. 

It is evident that the picture of star formation which has been 
described here is still in a formative stage. Tho w*ork in progress is 
hping carried out cooperatively by a number of astronomers all over 
the world. Perhaps when the 200-inch telescope probes further into 
the secrets of space, and when further progress In experimental and 
theoretical physics increases our understanding of the processes at 
woric between the stars, wc may then outline witli more assurance the 
detailed steps by which supergiant stars may be forming olmost 
before our very eyes. 
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THE ORIGIN OF THE EARTH ^ 
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[WEtb It I»lalu] 

Wl(ji all the HtMicUcular buccoss of reoent scientific rcscatch, it is 
pcrliaps refroBhinu to examine a field so fharactertzed by failure as this 
one. Although many speculatioiis have been described as "theories," 
there exists today no real tlicory of tho origin of the earth in the sense 
of a complete logical structure linking together the vast quantity of 
pertinent observations collected during the last century. 

The most obrious approach to Lbc problem is to study tho visible 
surface of tlio oartli for clues to its origin. This has been done in 
detail by geologists, geodesists, geophysicists, and gi^ochemUts, but it 
is perhaps not surprising that wlmt tlicy find has nioro to do with Ihc 
earth than with its origin. It has been the astronomer, stuelying the 
relation of tlio earth to its surrounclings, and flie physicist, studymg 
the behavior of matter, who have mode tlio greatest progress in tho 
study of the earth’s origin. 

Early speculation on tho subject was simple and direct because there 
were fewer observations to explain. The assumption of n divine erpa^ 
lion of things as they arc was generally accepted until tho end of tho 
sixteenth conluty. Then tho rovolulioD in scientific thinking, started 
hy Galileo, turned men from aflaumptions of a catastrophic origin to a 
belief in natural development, underatandable in terms of what can 
be seen and measured today. As the astronomical picture bcctmio 
dearer, it appeared tlmt the earth is a relativoly small, ncoriy spherical 
body moving around tho sun togctlior with tho other planets, all under 
the influenco of die son’s gravitotional attraction. It wa.s soon 
recogniztsl ns scarcely duo to ehftnco that all the known plwiots and 
thoir sateUitea ore moving and rotating in the samo direction, their 
orbits nearly circular, and in nearly the same plane. Therefore, in 
1755 the great German philosophcr-ecientiBt, Immanuel Kant, apecu- 
latod' that Uie planets and the sua were formed from a single targe 
rotating gaseous doud, or nebula, which had condel^ into smaher 
rotating parts, these furtJier condensing into rotating planets with 
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thoir eatelJitos, all moviitg in the same direction rouad the nucleus of 
the nebula which became the sun. Kant's hypothesis explained nearly 
all of Uic aTailable obsm^ational data within the framework of physics 
as it wft$ developed at tlie time. 

Later on, about ISOO, the French matliomatkian, Laplaccp inde¬ 
pendently proposed a modUied form of the ICant hypothesis whichp 
even though it was not given mudi iveigh t by its author, soon became 
widely accepted as the concept upon which much of geology wn 3 
founded. Laplace wont further than Kant m explaining how the 
primordial nebula condensed into planets. He assumed that in the 
beginning the nebula was hot and spinning slmvly, that the gas con¬ 
tracted as it cooled and therefore increased Its spin in accordance with 
the law of conscn^alion of angular tnomentum. As the spin increasod, 
ho reasoned, rings of gas w^ould he thrown olT by centrifugal action and 
each ring w ould condense into a planet. It is now recognized that no 
such condensation of hot gas at the rim of a spinning nebula w'ould take 
place, but Laplace's speculation w as important in that ho introduced 
two new factom: the idea that the earth condonsed from hotgascss, and 
the consideration of angular momentum in ihe solar system. 

Not until 1835 was the Laplace hypothesis seriously chaUfinged. 
By that date geology had come inUi its own as a science, and T.C. 
Chamberlm, an American geologist, considered the geological evi- 
denco incompatible mth the concept of a hot gaseous sphem cooling to 
become the prison t eartli. Instead * he proposed tho planetcsimal 
hypothesis, in whtdi. thecai th and other planei^ were built by accretion 
of cold particles (the planetosimnls) which vrere moving around the 
sun under its gravitational attraction. Together with an astronomer, 
F. R. Moulton, he Guggested that such planetosimaLs might have 
resulted from a near-collision between another star and our sun. Tho 
plane tesimal hj'^pa diesis introduced two now concepts: that tho earth 
was built by accretion of cold solid matcrird, and that another star 
w'as involved in forming tlie solar Bystem, Tho ncar-oolhsion pro- 
Gumahly being a rare event, this represented a return, in port, to tho 
old concept of a catastrophic origin. 

During the lost 53 years, most of the thinking on this problem has 
heon divided betw^een the tvro widely divergent hypotheses of Laplace 
and Chamberlin. Did die earth start hotter or colder than at present? 
Has it condoDsod and contracted, or grown by accretion? Was its 
origin a commonpl&cc occurrence in a nebula (many of Trhich cau bo 
Been in tho sky), or due to a highly uausual near-coUisioii bstweon 
Btars? Whatever drawbacks these incomplete speculations may have 
had, they have provided definite concepts on the basis of which further 
research has been and yet remains to bo done. 
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THE llECORD IN THE ROCKS 

In geology it is assumed that we cin oAploin past developments on 
the basis of processes place today, and this assumption has been 

remarkably successful in tracing geological history to form a consistent 
pattern* The surface features of the earth can bo csplained as the 
expected result of croaion, of glacier action, ol vulcimisdi, and of move¬ 
ments of the crust itself, all of which are obscr^'ed in action now* This 
reasoning might bo expected to lead, sto]) by stop, to tho origin of the 
earth. 

The acc|uenco of events in oarlh history' ia host summarized by tho 
geologic column, a flehematic pile of all tho rock strata whicli have boon 
classified, in tho order of tlioir formation* After fitting together rocks 
from all over the w^orld, tliere are left only four major gaps in the 
record, when eioaion in practically all parts of Lho oartli now above 
sea level must have eliminatod tlic rock deposits of millions of years. 
With these four exceptions, the geologic eoluniii, fitted togotJicr from 
the results of a centuiy of world-wide geologic prospecting, gives al- 
niDst as complete and consistoiil a picture of earth liistoiy as if the 
etitnes had been made in a diarj'. It lacks only tho number of years 
intervemug between tlio various geologic eras. 

The dates were supplied when tho absolute ages of rocks were esti¬ 
mated from ihoir radioactivity, first in 1005 by Boltwood, an Amcric^ 
pliysicist. Ho measured tbo relative amounts of load and helium in 
uranium deposits. The uranium ore ciystnlllzed when tlie molten 
magma sobdified, and the radioactive uranium has since been dis- 
intcgrat'mg at a constajit but veiy slow rate to form lead and helium 
which, in favorable cases, have botli remained sealed in tbe igneous 
rock witJi the uranium. The process of radioactive decay has beau 
thoroughly studied in the laboratojy by many physicists, including tho 
Curies and Kutherford (who suggested Boitwood’a rcsoardi), and tbo 
rate of disintegration accurately measured. 

Dating various igneous rocks in the gcolo|pc column showed first 
bow very long was tlie record; the oldest igneous rocks yet dated 
crystallized about 3 bUlioa years ago. Moreover, fbero are even older 
sedimentary rocks tlirough which the molten mogma had pushed to 
form these oldest known igneous rocks; hence the earth must hav© bad 
surface conditions about 3 billion years ago not radically diffcroai 
from those today. Tliero must have been water and on atmosphere 
operating to credo recks and form sand and mud beds, i^da m 
somewhat younger recks indicate that early forms of life existed at 
least 1 billion yearn ago when conditions must have boon very hko 
thQ8{3 today. 
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But the geologic column foils to yield tiic ono fcotura which might 
provide couctusivo evidence on the earth's origiu. No rocks yet 
oxamitied have the appearance of an ariginal cruet ; they are all olthor 
old sediments oraolidlhed magnm w^hich pushed up through sodiments. 

TEMPERATURE AS A CLUE 

Trying another tackp wo might ospoct that the earth's thormal 
history could be traced back to detemiinc ita temperature at birth. 
Ill deep mines and wells the temperature increases 1* C* for each 125 
feet below the surface. Knowing how rocks conduct heat^ wo find 
that ID million milljon calories of beat arc flowing out from the earth's 
interior each second. If the earth were solid granitOt all 7,000 bJUlon 
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Ficuaa 1*—D^^nsity jstrsiificatipii In the cartti. Setnauloglifts, mine earthquake 
waves as a eomidine devi^Cp have disco ver^jd th&c lay era within iha ti^h. 
They mny Indiestc that the eiirth was once mollon^ or they may reauH frem 
ehemieaJ coEapaction and plastic; ftow wlthiii the earth. 

billion tons of it, this escaping hoat, w'outd cool it about 1“ C. in 3 
million yoars. From tliis tiit’iisurcJ rate of cooling Js it possible to 
(letonuido whether the earth wag originally moltou? 

Oni! must bp careftil in audi tslimatca; not ah of this heat comss 
from cooling the earth, since the radioactive disintegration so useful 
in determining the age of rocks is also rcicaaing otieigy. In fact if 
the measuretl radioactivity h constant with depth, the outer crust of 
the earth otdy 12 mdea iJiick would provide all die 10 mLllion million 
calories leaving the earth's interior. If the radioactivo material goes 
deeper than 12 miles, the earth must, willy-uiUy^ be heating npi 
So the heat now leaving the earth does not ^vo a due to ita original 
temperature, although it does point to another approach. Since it ia 
improbable that the carih ia boating up rapidly, the rsrlioaetivo 
material probably is not distributed uniforudy throughout the earth 
but IB cuncDQtxntiHl in surffTce laycra^ 
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Such a strati Heat ion wHliin the earth might have a bearing on lUo 
original conditions. For in^stance, if the earth were once moltcnj, we 
might expect hca%der materials to sink to the center and lighter onos 
to come to the surface. A variety of measurements do prove that 
tho earth is much more dense at the core than at the surfacep and this 
central coadensation was long used to support the concept of an 
originally molten globe. In fact* the oentral core itself was generally 
believed still to be molten. But a few yeare ago, oljscrvations of 
faint earthquake waves which could only have passed through tho 
core if it were solid, disputed tlic point. 

It is now generally accepted that tho earth's interior is strailfiod in 
throe distinct layers on a c(uitrsl core which is four times as dense as 
the surface rocka, and altliough probably as solid throughout os 
surface rocks, it yields to plastic flow over long intervals of time. 
{The molten lava of volcanoes is only in local pools liquefied by a 
temporaiy release of preasm-ii.) Ileeerit work by geochemists shows 
that at least some of tbo atratiftcation is due to chemical compaction, 
the tremendous pressures favwing the formation of heavier d^emicoJ 
compounds in tho Interior, There is no satEsfacUny explanation of 
the dense core, which must be a material radically different from 
surface rock. But its c.vistence can no longer be used with certainty 
to argue that the earth was once molten. 

CHEMICAL CLUES 

Geochemical studios give a somewhat better due to Ihe earth's 
temperaturo at birth. Ilamson Brown at Cliicago has recciitly shown 
that all tho elements which exist mainly in gaseous form—hydrogen, 
hdium, ncoiij argoUp kiypton, xenon—occur in the earth, its seas and 
atniosphcre, to a very much smaller extent than expected from studies 
of the abundances of eiementSp both from tJicory and from observations 
of the sun and stars. 

TJic low abundance of hydrogen and helium is easy to understand t 
at temperatures of 500 to 600 degrees Centigrade they would escape 
from the gra\'itational attraotiou of the earth in a few hundred million 
years because of tlie high veloeilies and small masses of their molecules. 
But the heavier atoms, krypton and xenon, could have scaped in 
quantity only if the material of the earth were at one time in much 
smaller pieces, with correspoiwlingly smaller gravitational attraction, 
or if the earth had for some time a temperature of 10,000 to SOjCMJO'* C. 
Now this is hotter than most stai^, and quite impossible for the earth 
to maintain, so we deduce that early in its history the material of the 
earth was iii separate, sniiall pieces. Sineo oxygen, nitrogen, and 
water-vapor molecules are all lighter tlian krypton (ancl would there¬ 
fore escape if krypton did)^ it apiH'ors that the earth's atmosphere and 
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oceans must liaTe been formed from the decompositioD of hearlar 
compoimda after the earth aehiered its present size. 

To summarize the best geolo^cal eyidenco: the earth is at least 3 
billion years old and its surface conditions of temperature and atmos^ 
pbere have not changed materially in 1 blliion years and not radically 
in 3 billbn years, lis stratified Layers from density about 3 at the 
surface to density about 13 at the center could result from plastic 
Qow and chemical compaction whether or not the earth were originally 
molten^ Finally, the earth lost most of its gases early in lifo^ probably 
because it was at one time in pieces of too small mass to hold on to 
light gas tnokcnles, 

SHOOTING STARS 

An imporlaut bridge betweoii geology and astronomy is provided 
by the meteors. Millions of theso smell chunks of mck and iron 
collide with the earth each day, most of them bnniing up high in the 
atmosphere. Somo of tlic larger^ slower-moving oties reach the 
ground- there tho few collected are tlie only material from outside tho 
earth available for detailed study. Arc they a fow remaining planotoa- 
imals—or arc Uioy visitors from outaido the solar system? 

Meusuros of meteor apeeda by Whipplu at Jlarvard havo eatabliabcd 
that they aro at least members of tho solar system. If they come from 
outaido they would be moving much faator than observed^ Hadio- 
activity measuromciita (as in dating rocks, but corrected for the effects 
of cosmic rays, which form extra helium) show that the meteors are 
between 2 and 3 bitlion years old^ in startling agreemqiit with tho 
earth^8 ago. Their high iron an<l nickel content has aupporbod the 
assumption lliat the earth core b niekeUiron (so that earth and 
metoora would have the same over-aU composition). 

Furthermore, Harrison Brownes recent studies of the chemical 
com pounds present in moteroritoa abow that they were probably at 
one time under the high pressuresfl and temperaturoa of a planet^s 
interior. It would seem that, for from being planetcsimals^ the 
meteors are the remaioa of a fair-sized planet which was formed at 
the Bamo time as tho earth, and s-hich broke up in some laige-scalo 
interplanetary collision at a later date. 

THE GAMUT OF SPECULATION 

Tho astronomer, in his approach to the problem of tho earth's 
origin, started by recognizing a certain order and regularity amoiig 
the planets, their aatellilcs, and the smaller asteroids, all moving about 
tho aim. The emphasis is sluftcd from tho origin of Iho earth, as one 
of the planets, to the origin of the solar system as a. whole. The latest 
trend goes oven further in linking the orig'm of the solar system with 
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the early history or origin of our 
of stars and oven of the whole universe. 

Tfao solar system regularities noted by 
Kant clearly indicate tlmt the pianeta 
had a comroon origin; ever since Kant^s 
time it has been the fond hope of cos- 
mogonists to establish the exact nature 
of that origin from further studios of the 
over-all pattern of the solar system* The 
first duo of this sort to be noted was 
the spacing of the planets; they are not 
at irregidap distanc(s from the smip but 
spaced approximately in geometric pro¬ 
gression—that is, the distances can be 
calcidatcd roughly from a formula called 
Bode's law after its diacovcrcr. Since 
the planets continue to move in tlie sanie 
orbits year after year^ this spacing must 
have been established during the'u" for¬ 
mation* 

A second possible clue to the origin lies 
in iho progression of planet sizes—from 
the smallestp Mercury^ wrhich is nearest 
the sun, increasing through VenuSp Barth, 
and Mara to Jupiter, the lorgrat, then 
decreasing through Saturn^ Uranus^ and 
Neptune to Pluto, a small planet, and 
most distant from the sun. 

Further dues will bo noted as wo fol¬ 
low, now, the twentieth-century history 
of speculation on the birth of the solar 
ayatemp from ChamberUn to Wdzsacker 
and Whipple* Each of these theore¬ 
ticians has storied either from the Kant 
nebular hypothesis, or from the Chamber¬ 
lin two^tar hypothesis, and ^ed to 
show by more or less exact reasoning that 
the presently observed solar system 
would have resulted naturally- Cham¬ 
berlin and Moulton in 1000 guessed that 
the dose approach of another star to our 
sun would raise great eruptions on the 
sun, that hot solar material would con- 
sawi—ee—is 
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dcnoR into amnll jilain.’^tcsimals mo ring around iho sun and that 
thcso plAnetcaimiiiH would I a tor stick together to form the planets 
by accretion. 

In 1017 the Ei^lish astro uomera Jeans and JelTrcys made more 
exact calculations and concluded that the eruptions would not have 
taken place; rather, the intruding star ivould have to sidewipe the 
aun, peeling off a long filament of solar material which would then 
condense into tho planets. They pointed out that this filament would 
be thicker in the middle tlian at the ends, thereby accounting for the 
progression of planetary siitcs. 

The Jcans-Jeffroys hypoihosis seemed satisfactory until 1930, when 
N'Sikc in Germany and Russell at Princeton pointed out another clue: 
the angoiar motnctilum of tho planels. Just as a spinning top would 
keep OH spinning forever if thero were no friction, so the planets must 
have maintained constant angular momentum in their orbits around 
tho sun, since nothing annlogous to friction is known in the solar 
system. If the planets wero formed from material pulled out of (ho 
sun, this law of conservation of angular momentum requires that the 
original planetary material must have started moving around the 
sun with tho aome angular momeotiim the planets have today. 
Russell showed mathematically that a grazing collision with another 
star could not start the fi .1 ament of planetary material off with any¬ 
where uear enough augular momentum. 

In an effort to patch things up, one of Russell’s students, Lyttlclon, 
analyzed mathematically the case of a ooUisioii betwoen three stars, 
and found that it was Just possible to produce a filament of material 
moving with sufficient angular momentum about one of them. An 
English astronomer, Iloylo, sliowed it was also possihle if one of two 
close stars blew up, as a somewhat asymmetrical nova, propelling 
itself away and leaving some planetary material moving around the 
other star. 

But these mathematical exercises and tho w'holesefiuencc of spccula- 
tioDS based on tho two-star hypothesis were brought sliarply to a close 
in 1939 when Spitzer, another of Russell's students, calculated that 
the material pulled out of the sun, or any other star, could not con¬ 
dense into planets or planotesimala anyway—^it would c.vpand with 
explosive violence to form a tenuous gaseous nebulal 

BACK TO THE KEBULAR HYPOTHESIS 

Long before Spitzer had showed that the twoHstor hypothesis would 
lead to a nebula, other scientists had been working away on the 
nebular hypothesis, trying to find some means hy which niaierial 
near the sun would form a group of planets all moving in tho same 
direction in nearly circular orbits and in nearly the same plane. In 
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I914^a Norwt^an physicist, BirkclatiJ, calculaliMl that electrically 
charged particles shut out of the sun would spiral out in the sun a 
magnetic field to definite circular orbits at distancea depending on 
the ratio between the electric charge and the mass of the particles. 
This prouiising lead was followed further in 1930 by a Dutch mete¬ 
orologist, Berkge, who assumed the particles were charged atoms. 
More recently, in 1942, the Swedish ph^icist, Alfvfn, was able to 
predict hy similar reasoning that rings of gas wdlh stifficicnt angular 
momentum would be formetl around the sun as sun moved through 
a nebula, but both he and Bcrlago havo avoided the embarrassing 
problem of how this gas could condense to form planets, 

Lastlv in the scriuenco of nehuiur speculations, a German ph3'sici3t, 
WeizBivckcr, has recently itivesligaied in detail the motion of a la^e 
cloud of dust aiwl gas in rotation alwut a massive central body like 
the aun. From ihia relnni to the ungarnislriHl Kant hypothesis he 
was able U) sliow that, while most of tlic gas woidd escape into outer 
space, the planets could be formal by the accretion of the dust jmsv 
tides over a period of a hniKlrcil inillioii years—a sliorl time conipareil 
to the ago of the earth. The spacing of the planetary orbits Wei^ 
sacker explains in this manner: The inner parts of the rotating nebula 
would be pulled around more rapidly by the sun’s gravitational 
attraction than the outer parts. Like stirring a lx>wl of aoup ne^ 
tlie center, this would set up eddies, and at the boundaries of the 
tnldies the dusL would co^giJato niosL nuddlj. These liouiidancs, 
Weizsacker calcnlaUNl, would he spaced approximately in a geometric 
progression from the sun just as the planets arc observed to be. 

TUo Weizsacker hypothesis accouots for more of tJie observational 
data than any of the previous spoculations, but because it is so recent 
a number of its consequence have not been explored end some of 


the estimates may need revision. , t . 

One of the interesting consequences is that the formation of planets 
should be an extremdy common occurrence. Possibly in the process 
of formation of star the conditions would he «>r^t to form 

planets. Thus we might expect billions, if not bondr^s of biUions 
of planets in our galaxy, the strong likelihood that life has developed 
on a million or more of these, the high probability that there ore other 
civiliaatioiis of mankind, and oven the possibihty that men on other 
planets am writing articles on the origins of their solar syatemsl 


THE ORIGIN OF STARS 
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The closest star—our auu^is radiating energy at such a Btupendous 
rate that no ondiimry energy generator could keep U going for the 3 
hillinn years WO know it has boon sinning on the earth. However, it 
is now known that atomic energy provides the sun's I%ht and heat 
by a process m which four atoms of hydrogen are coDvorted into oue 
atom of helium and this excess mass changed into radiant eneirgy* The 
details of this processp which can only proceed at the high temperattirc 
and pressure of a starts inteiiorp w'ere establishod by Hans Bethe at 
Coraell in 193S- But there are many hot stars thousands of times 
brighter than the sun (if viewed from the same distance)* and a 
simple calculation shows that they vt^ould uae up tdl their atomic 
energy in a mere 10 miUion years. Where did these hot bright stars 
come from if they can last only one three-hundredth as long as the 
earth has been in cxistenco? 

A possible answer was provided only lost year (lil47) by Lyman 
Spitzer at Yale, and Bart Bok at Harvard. Spitaer showed theoreti¬ 
cally that diffuse gas and dust which is observed between the stars 
could, under some circuoiatanDes* bo compressed by the pressure of 
radiation from all the other starsp to condense into a new star. Bok 
observed in the Milky Way certaiii small dark knots of such inter¬ 
stellar material, which may well be stars in the process of formation. 
Here is the process of growth by accretion on a much larger ecala. 
This theory is well enough established that Whipple at Harvard has 
recently proposed that the planets coagulated in the manner postu¬ 
lated by Kant and by WeizsSeker duriitg the formation of the sun 
itself. 

GALAXIES 

As we are puslied fariJier and farther in explainiug the origin of our 
planetp new sources of evidence come into the problem. The next 
evidence comes from a study of the large groups of stars called galaxieSn 

Passing from the solar system to the stars is no larger a Jump—and 
no smaUer—than from the earth to the solar system. Our galaxy 
includes all the visible stars and is a correspondingly large system, 
outside of which the telescope shows many othor galaxies. These arc 
believed to bo very like onr own galaxy—a disk-sbaped conglomera¬ 
tion with a masSp detemuned from its rotation, of about 200 billion 
star masses. There are about iOO billion stars in a galaxy, tbo rest 
of the material being spread between the stars in the form of gas and 
dust. 

The outside galaxies, often called ^^spiral nebulae,'' are being 
studied by ilubblo at the Mount WUson Observatoiy in California, 
and by other astronomers with large telescopes. As Hubble looks 
farther aud farther out into apace (by taking longer photographic 
Gotposurcs with larger and larger telescopes) p he finds more and more 
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spiral nebulae, apparently without limit. In 1925 Hubble and Huma- 
son found from the redneaa of their light that the more distant spirals 
are receding from ua more rapidly than the closer one®, and that the 
speed of their retreat is in direct proportion to their distance from iia 
At fii^t sight this to our (with oor mn and earth) 

in a central and somewhat unpopular position, with tho rest of the 
universe running away. But a little thought shows that our view of 
the universe is the same as the view from any one of the other galaxies; 
each would see the rest receding from him with velocities proportional 
bo their distances from him. 



FiGPni: 3.—Upper, our view of Mmcapinil nebula*. The arrowa indicate velirt- 
{ties. Note tbal spiral B. which is twice aa fw from ub w apiral A. to reoedinB 
twice «a fast. C, throe tnnw aa far, to receding three times aa fast, and bd on. 
Lower, the view of an observer on apiral B, conBidcring hitnaclf to be at rest. 
It to the principle of relativity that he hns luat as much right aa we do to con¬ 
sider himself at rest. Ho geta the same view na we do; all the apirala arc 
receding from B with velocity proportional to dlstancc- 


Traciiig the motions back in time (there is no evidence that the 
spirsls are accelerating or decelerating) shows lliat all the spiral 
ncbulao would have been near our galaxy between 2 and 3 b^ion 
veois ago. The coincidtaice of this with the age of the earth and the 
age of the meteorites is too marked to need further comment—tho 
whole universe seems to have started with a bang about 3 billion j'eara 

the beginning of time 


'rhis curious evidence that tho spiral nebulae were aU close to^if 
not entangled with--our galaxy 3 billion years ago, means that the 
formation of the solar system at that time probably took place under 
conditions somewhat different from those of today. To be sure of the 
reasoning, we must examine the conditions of 3 billion yearn ap more 
carefully; it was this reexamination which led. in 1945, to tho mMt 
biaarro suggestion of aU in this field already nch m sp^ulation. It 
was put forward by the Englieh biologist, J B. S. ” 

based on a new theory^r philosophy^f rdabvity ^ 

by tho English mathematician, E. A. Milne. Fust we shall speak of 

Milne and his brand of relativity. v 

To mrjM Ho loosoniiie cl«r ™ most otorl md. Eiooteui» oortar 
loUtivitJ UiooiT whidi Boko opo™ ind Uim in iracB o wop Ihot if 
k moviue at constant velocity post another his 
retsurementa of distances and time intervals wiU differ from those 
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of tho first ob^rvcr, although the relation of time and distance is 
such that they both observe the same laws of physics. Einstein 
formulated his relativity on the philosophy that it is Bimply impoa- 
si bio to tell which observer is reat/^ Complicated as it son rids, 
this scheme has been developed to form a logit^J complete theory 
in terms of mathemalioal iransfomtationa. Milne extended the 
established principles of relativity in his ^“cosmological principle, 
which is, in elfcot; an assumption that the view of the whole uni verse 
from one spiral nebula must be tlie same as the view fro in any other. 
Moreover, he has reddined distance measurements in terms of the 
travel time of light signals^ as in radar ranging, thus reducing both 
time and distance measurements to readings of clocks, in priiiciplo* 







FiduBU 4.^—Milne's picture the ueiveiBc. If all measiiriuneata arc made in 

atomic time* on Milne's theory^ tlio universe started eicpandma from a point 
3 billion atom ID years As we see it now the spiral nebulae shown in the 

left diagram are all moving away rmia ua and (if wo eouid ace far enoughi 
would be much more numcroua near the At this t^dge the velocity of 

ri^eessiou Is equal to the velucity of light* so we e^n never hope toaee the edge 
itself. On the other hand, if eioek tunc is used for ah our measurements, the 
uni verse la atatio and the spiral nehulne, ns shoivn on the right above^ am 
unifortniy distributed on to ioBnlty. Tho more dtstant nohulao arc rutldcr be¬ 
cause We see them as they were macy years ago with ““alow” atoms. The 
“^edgo" of tbia picture comen when thla reddening gctaeoc^lTeme that galaxies 
nro no Louger visible. 

Mllno then mis43s the dbturbing question: How arc wo $uro that 
our clocks arc reading constant intervals of time? In fact, tha slow¬ 
ing clown of the earth's rotation (which is normally our “'master 
cIock^“) has been measured os one-thousandth of a second per century 
by comparison with the planets^ and we have no philosophically 
sound assurance that the planets keep ^'perfect time/’ 

Tho cosmological principle leads mathematically to Iw^o kinds o( 
timOj one of which is speeding up relative to the other. Mtlno has 
shown that pendulum etocka, the earth, and the planets keep *U\y- 
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namic” or dock time, while vihratiiif: atoms and radioactive decay 
have constant period only in ‘‘kinematic" or atomic time. There is 
no philosophical reason for choosing one kind as the "correct time; 
y we. used a pendulum clock to time atoms wc would find, after a very 
long interval, that the atoms arc gradually spewing up in their 
vibration, if we used an atomic clock we would similarly find that the 
planets are slowing down in tlieir orbits. 

If this is corrccl^and no one hoa yet proved it otherwise—^e 
age of the earth ia 3 billion alotnk ye^tra as detemuned from radioactive 
decay, but it is many more dock years, since in the past the dock 
year was shorter than the atomic year. (They are equal at present— 
by definition^ 

The coincidence between the age of the earth and the time of reces- 
eion of the spiral nebulae Milne explains as a result of the dilferracc 
ID these two kinds of time. Since the light we observe from a spiral 
100 million light-years away left there 100 million years ago, we are 
seeing the atoms there ticking ofl the units of atomic time in use lOO 
million years ago. Compared to our present atoms, theso early 
atoms ran slow; as a result, the light they emitted ts redder than the 
light emitted now by similar atoms on the earth. 

From this effect and his cosmological principle, Milno calcidates 
that in the past infinite number of clock years there were 3 billion 
atomic years. The origin of the earth, and the time when all the 
BpiraU were close to our galaxy, both of them 3 billion atomic years 
ago. tliercfore occurred at the beginning of time (since one could liardly 
expect more tban infinite time on the dock scale). 

Now for Haldane's suggestion, which he iJills "A Quantum 'Iheory 
of Uio Origin of the Solar Syalem." It Ls based, a* Ita luirao implies, 
on tbu wdT-establisbcd qiifustuin tlieoiy of radiation, and on a matlie- 
matieal result of Mllno's theco” that the univerae, as mcaaured m 
atoiuic time, hos expandeti with the velocity of light, Htartiug from a 
point of zero radius 3 billion atomic years agO- 

Since the umverae started from zero radius, Haldane was aliJc to 
pick an early cnongb instant, just a fraction of a second after the start 
of atomic fmie, when the whole universe was bui a fraction of an mdi 
in diameter—nim h smaller than the wave length of visible light— 
Bumller by far, than the wave IctigHi of X-rays or gamma rays. 
(Thesefractions arc too small to write out easily: the bret requir^ 
72 zeros after the decimal point, the second, 62!) The wave lengths 
of radiation in existence in this small umven^c could sc^ely have 
been bittEcr than the universe iiadf, Haldane reasoned, therefore the 
only radiation in existence was of these incredibly short w'ave lengths. 
Bui the basic principle of ibe quantum iheoty is that radiant ener^ 
comes only in packets, or "quanta," mverady proportional to the 
wave IcngtTi in stzo. So, at this early instant all radiation was m 
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^aat qu&atft of very small wave^. And the energy of one of the^ 
giant quanta can easily bo oalculaied as aufladenl to knock one or 
more planete out of the Bun. The even smaller waves at a somewhat 
eariier instant would haT# been in quanta witli sufBcJent energy to 
tear apart etars^ even earlier^ to tear apart the galores from some 
primordial globe of matter. 

The details of this remarkable suggestion have bean earned no 
farther, but Holdane^a mvestigation poiuta up one important general 
fact: whether or not Milne'a new relativity is accepted, conditions 
at the time of the origin of the solar system were probably consider¬ 
ably different from those today* If MOno's cosmology is accepted, 
the relationship between radiation and matter wa^ most radically 
different. It may seem that this iast and most fantastic speculation^ 
which can neither be completely explained nor ftiUy evaluated here— 
contradicts our former conclusion that the solar system was formed 
from a rotating nebula of gas and dmt* However, the condeosAtion 
of the planets and the distribution of angular momentum (vvliich 
have been so difficult to explain in all previous theories) may follow 
from further mathemarical investigation of the first second of atomic 
time. In fact, if the details can be worked out rigorously^ Haldane's 
Buggestion may lead to confirmation of Mdne^a cosmology, which is 
as yet lacking. 

In an echo of the introductory remarks it Bcarccly needs to be 
empha^zed that we have no complete theory of the origin of the 
earth. The reader may be impressed with the diverso investigations 
involved and with the promise of the latest speculations; or he may 
notice tlie infinite regression implicit in any question of origins: if 
the planets wore formed from di.tst or planelcsimala, whence came tho 
dust or planetcsimols? if the duat and planeteaimab came from a 
primordial nebula, whence came the primordial nebulaT if the primor¬ 
dial nebula was formed by the absorption of a giant quantum by a 
fragment of matter, whence came the original matter and radiation 
in the universe? and so on^ ud infinilv^m (clock time)* 


THE 200-INCH HALE TELESCOPE AND SOME 
PROBLEMS IT MAY SOLVE * 


Bi Edwin 

OhservalQri^ 


|Tnt& 10 pfcalftil 


In 1G09 Galileo turned Ids telescopes toward the sky. His favoi^ 
ite—it was tho fifth, finished within 6 months of the first triol-^was 
about 5 feet long and had a lens about 2 inches in diameter. It 
magnified nearly 30 times and ita light-gathering power was equ^ to 
about 80 human oyea. Ho called it "Old Discoverer/' and with it ho 
saw mountains on the moon, phEisas of Venus, four moons of Jupiter, 
and stare innumetable beyond the limit of Qio unaided oya. 

It was then tliat the explorations of apace began—the explorations 
that have swept outward in wave after wave as telescopes developed, 
until in our time wo study a region of space bo vast that it may he a 
fair sample of the univereo itself. Today tliera is nearing completion 
a new telescope, far more powerful than any previously made, iiiid it 
is proper to consider its significance both os an eiigitiearmg nchiove- 
ment, and as an instrument for further explorations. With this end 
in view, T propose to discuss briefly the development of telescopes in 
general* the 200-inch in particular, and Bomo of the problonts it may 

help us to solve. . . - „ - 

Galileo’s optic tubes with single-lens objectives grew rapi^y mto 
tclcecopcs from 20 to 25 feet long with lenses 2 to 3 inches in diameter. 
There the development stopped, for practical pmposca, because of 
the engineering difficulties with still longer tubes. 

The longer focal lengths were considered desirable in order to ovoi^ 
eome color difficulties. With a single lens, each different color was 
brought to a focus at a different distance from the lens. Hence the 
image when focused for any particular color, was blurred by the out- 
of-focus images in other colors. The long telescopes represented an 
attempt to spread out the images of different colors over ao long a 
diatanca that one color could be focused with minimum interference 
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from tbe others. Telc&copcs iOOj 150^ and even 200 feet long were 
actuellj constructed^ with Icnecs from 3 to 0 inches in diameter. 
Those monstrous instrumental however^ were too un^deldy for use, 
and the real work during the first centuty and a half after Galileo's 
time was done with the smaller telescopes. 

Finally, in the middle of the eighteenth century* the color problem 
was solved by replacing the single-iens objective with a compound 
objectivcp each of whose separate compouents, made of different kinds 
of glass, canceled out most of the color effect® of the other* These 
color-free (achromatic) lenses gave much better in^ages and permitted 
tlic use of relatively short tubes for a lens of a given diameter* Tele¬ 
scopes immediately enlercd a new period of growth which culminated 
in ilie 40-int:li lens, with a fooaJ length of 63 feet, at the Yerkes 
Ol> 2 iervatoiy in Wisconsin. The 40-inch waa finished in 1892, and 
since that time devdopmeut® have concerned lenses for special pur¬ 
poses rather than for greater light^thcriug power* For technical 
reasons, it sceme mdikely that larger lenses will be made in tlie 
foreseeable future. 

This greatest of all lenses had been ordered originally by a group of 
enthusiasts hero in southeru California in connection with a plan for 
a "University System." The project did not fully materialize* and 
the imfinisbed telescope was bought and completed by the UniverEity 
of Chicago. 

TJie very large telescopes of recent tinits* in which light-gathering 
powder is the most important conaidiTation* are all reflectors, not 
rofmetora- The liglit is fmuickd to e. focus, not by refraction through 
a convex lens but by reflection from a concave mirror. These tele^ 
scopes are free from color effects because ail colors are reflected in 
the same 

The firet reflector ivas made by Isaac Newton in 1672, in a delibeiala 
effort to avoid the color troubles of single-lens refractors. His first 
model hud a biiniislio<l metal mirror, about an inch in diainoter* 
figured to a concave spherical surface, and mounted at the bottom 
of a Uibe about 6 mches long* The image, which would lie in the 
middle of the upper end of tiic luhc^ w'as thrown to liie side by a siiiall 
ptaiic mirror set at 45*^ lo Uie fucis* just below iho focus. Newton 
preseutt-xl the toy to the Royal Society* where it ntay stHl he seoii* 
sitthig on a volume of his famous Principia. 

Althougli NewLon^s reflector avoided the color problem* it suffered 
another defect, known os spherical aberration, arising from the 
epiiericol surface of this main mirror. It was net until 50 years later 
when Hadley, in 1722, found a motbod of parabolizing cr^mcave mirrors* 
that the dcveiopinent of reflcc^Uinii finally got under way, Almui 90 
years ago nictal mirrors were replaced by glos®, silvered on the front 
surfaces. In our tiuic aliiudniim has been substituted for silver* 
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low-ccspansion g\aa»tA have been developed, tnediods of pambolizmg 
have been perfected, and engijieering problems of constructing 
telescopes have boon solved as they arose. ^ 

The 40*incU refractor was installed at Yerkes under the direction 
of George E. Hole. He ckarly fiaw that, rogi^ess of tho success 
of this telescope, the quest for still greater Ught-gathenng po«w 
depended upon mirrors rather than lenses. Refractors were pro - 
crablc for certain types of work (including, for instance, visiial 
resolution of doublo stars, precise measurement of position, wido- 
angle photography, etc.), but for light-gathering power, with aU that 
it implies, the future lav with the reflector. Because the reflections 
are from the front surfact«, transparency and absolute homogeneity 
of the gla.ss are not denmiuled; the mirror may be supported from the 
back and sitk-s, instead of from the rims alone as in the case of lenses, 
and, of course, there aro no color effects. 

Hale took the load in America in encouraging the dovdopmeat of 
largo reflectors. A 24'inch of unusual perfection was tiiade by G. W, 
Kitehev and installed at Yerkes. It proved so successful that plaiw 
for a *GO-incli wore iminetllately set in motion, Wlien ***“ 
Yerkes to e«inblish the Mount Wilson ObservaioiT, ho was able to 
transfer Ritchey and the imfinislied 60*incb mirror to Pasadena, \vhere 
tho td&scopo was completed in IMS. The work of tho 60-mch on 
Mount Wlson so fully justified the faith in larger reflectors that plans 
for B. new one w irre imnu^JiBltly ntadj?, tliis lime for a 100-inch 
This reflector, completed during the first World War, marked an 
important epoch in the history of astronomy. It is atiU the greaU^ 
telescope in operation. Four large reflectors wjih mirrors from M 
to 84 inches liavo sinco been rompkted (two m Canada and two m the 
Unitcil States), and otlicrs, including a 120-inch for Lick Observatory, 
aro 111 process of planning or construcUon. ^ c * 

The lOO-inch opened up new fields of investigation of the very firot 
importance, and furnished glimpses of even richer fields beyond. If 
more lightigatheriiig power were available Uicae more ^ 

could bo explored. In the face of this challenge tho posaibUity of 
larger telescopes was the favorite topic of conversation i^oug aslron- 
oiSru at Mount Wilson, and presumably at other places 
Wo talked of 200 inches, or 800. and oven dreamed of aldl ^ 
One of the groiip. F. G. Pease, drew tentative designs for a 300-i^h, 
Md dcmonS^led that ifie engineering features were not impossibk. 

Agahi Hale took the had. Through Us efforu unds were secur^ 
in 1028 in tl.e form of a gift from tho International Ldmation Board 
Lo Iho Califoniia Institute of Technology for tho^ratablishment of im 
a-stronomical observatory and laVmratory. An Ohscrvatoiy 
with Halo as chairman, and with tho greatest e^erta m t^ie country 
^ advisers, administered the details of the project. When Halo 
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dropped ouip Max Mason Look over tlio cliaimianslup^ It ycm decided 
that a 20ll-mcli reflector was as bold a st^p beyond the IflO-inch as 
could be justified in view of the unknown problcim^ both optical and 
engineeringj that might be encountered- Lalwratoriea and shops 
were erected on the California Infltitute campus^ a site for the ob 
serratory was found on Mount Palomar, a disk of pyres glass was 
achieved by the Corning Class Company^ and the project proceeded 
steadily until it was mterrupted by the war^ Work was resumed soon 
after VJ-day^ and the telescope has since been completed* 

The proper fields for the 200-mcti are determined primarily by its 
immense lighh^atliering power. Because adequate consideration of 
all the possilde applications would require more time than is now 
available, I propose to limil the following discussion to three typical 
problems. These problems are, first, the existence of canals on Mars; 
second, the relative abundance of the dicmical dements in stars; and, 
third* tho large-scale strueturo of the universe. Each problem 
represents a particular aspect of ligJit-gathering power, uamoly* 
resolutions dispersion, and depth penetration. 

As a brief inlroduction, let mo consent on tlie telescope itself. 
The tiUJTor intercoptA a 1;cam of light 200 inches or 17}4 feet in 
diameter—in other words, it gathers as much light as a million human 
eyes, or four 100-inch reflectors. It funnels this light to an imago at 
the primary focus, 555i feet in front of the mirror. There an intage 
of the sky is foimetl sudi as you may see on the ground glass of a 
camera. TJus image may bo examined visually with a microscopoi 
recorded on a photographic plate, ajialysed with a spectrograph, or 
studicci by other icchniquea- Actiiallyj rnost of the work will consist 
of diri^ct photography or spec: truni analysis. By using long time 
exposures, it is possible to pliotograph stars or nebulae ficveral times 
fainter than can be eecn in tUo eyepiece. For this reasonj the 200- 
inch is best described as a huge eamera. 

Now' let us consider some typical problems for the 200-inch. I sball 
start with e problem concerning a member of the solar system. The 
telescope will not be tunied on tho sun because of temperaturo effocts^— 
in some waj^ It would act aa a burning glass. Nor do(» it ofi'er any 
unique ailvantagcs for the study of tlie moon. In that field it will 
serve merely to improve data of a kind that can be got nearly as well 
with several other telescopes. In the field of planetary photography* 
however, the opportuiiiilee arc unique because, for tho first time* it 
may bo possible to photograph dl that the eye can see with a teleeoopo 
of moderate size. An immediate application is to tho highly contro- 
vcTRial question of caiials on Mars. 

The canals are described as very fine, dark lines ns fining along great 
circles, sometimes doubled, and often converging or crossing at spots 
called **oaso&.^' Such fine* hairliko pattcrmi, superposed on the back- 
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ground of largo, weU-known markings, havo boon reoordod by Tarious 
Lrained visual observers, using telescopes of all sisea from 6 inches up^ 
ward, duKng ibe 'wbole of tbc past 70 years since Scbiaparelli first 
reported them. Tbe canal systems, if red, would almost necessarily 
imply the exislenca now or in tbe past of intelligent beuigs on Mars. 

But other trained observers, agaiu using telescopes of all aiiea, 
report no trace of canals. B, E. Barnard, perhaps the greatest of 
American visual observera, studied the plauot over many years with 
tbe then largest telescopes in the world, including the 3&-inch refractor 
at Lick, the 40-incb at Yerkea, and the 61hincb rcfiector at Mount 
Wilson, and, although bo saw an immenBe amount of detail, ho found 
no canals. 

Tbe two groups of observers flatly contradict each other, and since 
tlie observations are personal impressions neither group can demon- 
fttrata the validity of its assertioos. Evidently the controversy must 
bo resolved by photography. Once pliotograplia are available on which 
the canals should appear if they arc real features of tho planet, the 
questiou will be settled beyond reasonable doubt, Tho test has not 
been possible as yet because existing equipment, although closely ap¬ 
proaching tho required standards, docs not fulfill them. The 200- 
inch, however, should moot all the necessary conditious and settle the 
question. 

Tho problem is follows: Mars is a small object. Tho image at 
the primary focus of the lOO-inch is less than K* inch at the most 
favorable oppositioiis, and less than H inch the long Cassegrain 
focus. In order to get an image large enough to servo as a critical 
test of fine markings (i. c., to make tho resolution of the photographic 
plate oomparable with the optical resolution of tho teleseopo] it is 
necessary to use an enlarging lens. Thus iho total light collected by 
the telescope is spread over a much larger, and ctuTcspondingly fainter, 
image. Furthermore, because of the atmosphere on Mars, it is neces¬ 
sary to photograph the surface markings through deep orange or red 
filtets, still further reducing the effective brightness of tho image. 
Tho reduction ia so great tliat photographs with existing telescopes 
require time exposures instead of snapshots. Tho oxposurffi may be 
only a second {or even a fraction of a second, with (ho lOO-ioch) but 
they are long enou^ to permit the dancing or shimmering of the 
image to smear out the finest dota'd. 

You doubtless realize that a telescope mognifiefl the twinkling of 
Stars along with everything else. Critical observations are restricted 
to periods of tuasimum stcadinesa (good seoi^, as it is cahed), and 
even then, tho shimmer is approciablo under high magnification. Tho 
eye can “hold” an image under these conditions, but photography 
with time exposurca ia hclplaaa. The shimmer smeara out tho fine 
details It is for this reason that, in the case of fine markinga such 
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fl 3 the caiiak on Man ara said to bc^ (Jie aye can sco mora than the 
photographic plato can record. 

However^ the 200-mch will collect so mudi light that^ for iho first 
Lime, ifc will bo possible to photograph enlarged images through Gltem 
unth anapshots, Theso exposures will be short enough to catch a 
dancing imago at the esnd of a flicker—when it is momentarily at rest 
as it revenes direction* If many exposnrea are snapped on a inoYie 
film, a certain percentage of them may be axpccted to record ivhat the 
eye can sea (at least with telescopes of moderate sizes). 

There b much more to the a Lory, but it k too technical for the 
present discussion. But it can be said with some conJidenca that the 
20fi-mch may settle the long-standing oontroircrsy concerning the 
canai*^ Mors. 

The second problem I have seleeted for discussion involves spectrum 
analysis. You know, of course, that light reaches ua as a jumble of 
wavea of all dilTercnt wave lengths* t^cbrepic^^onting a different 
It is possible, witli prisms or gratings* to spreatl the colors out into 
an ordered sequence or spectrum* riumiug from the long waves of the red 
to the short wavea of the violet, and beyond In either direction. Such 
spectra of stars anti nebuke show phenomena of profound significance 
at certain particular wave lengths. Spectrum analysis invoKxiS the 
isolation and study of theoc poiliculor regions. 

Your radio ollera an analogy. With the tuning dial you run along 
the spectrum of radio waves and kokte a particular wave length in 
order i-o hesj- a particular station which is broadcasting on that wavp 
iength- 

If there were no tuning device, and you heard all progiiinis at once 
witJi a nonsclectLvo receiver^ tho result woultl bo bedlam. The step 
from euch a nightmare to die clear roception of messages from indi¬ 
vidual stations suggest^^ tho nature of the step in astronomy from the 
study of integrated light to spectrum analysis. 

Light from stars and nebulae originates in atoms. There are os 
Tiiaiiy kinds of atoms as there arc chemical elemc^nts, and the ptoms 
may have various stable states. Eadi stable state of each kind of 
atom represents a set of broadcasting stations, sending mes^sages 
concerning tJio nature of the atoms and llie physical conditions under 
which they exist. By timing in and reading these messages, it is pos¬ 
sible to identify cliemical elements, to tletcrmina U*inperatunes, pres¬ 
sures, and Ollier phjTaical attributes* and even to measure motion in 
the lino of eight (radial velocity). 

But iti order to reael the messages clearly li is necessary to achieve 
precise tuning—'that is, to spread out the speclriim on the maximum 
possible scale. It k here that the great lighlr-gathering power of tlie 
200-inch offers new possibilities. 
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The Ict^glh over which a spectrum can be spread, and still rcmaiii 
bright enough to be photographed, depends upon the brightness of 
the object. The sun has born spread ont over a spectrum about 50 
feet bug from r«l to violet; the brightest stem, over about 3 feet, 
and the faintest naked-eye stars over about 1 foot. The shortest 
spectra giving useful jnformation are about one-tenth of an inch long, 
and have been obtained from stars and nebulae about a hundred 
thousand times fainter limn the faintest naked-eya stora. Witli the 
200-inch, all tltft stellar and nebular spectra can be lengthened about 
four times, nncl consequently the an^ysis can bo carrictl out much 
more precisely than was hi i,her to possible. 

Ono new field, now faintly glhnpswl, can be explored rather fuUy. 
The important data are the relative abundances of the iliffcrent chem¬ 
ical elements iu different kinds of stars. These data are derived from 
tlic comparative study of the diffe-tent stations (or lines) due to differ¬ 
ent chemical elements in a spectrum, and require the longest practical 
spi'ctra (the liighffit possible dispewbn) for aderiuaie analysis, 

I'hcre is reason to lu-lievc that more than tiO percent of the atoms 
in the universo arc hydrogen. Even by weight, hydrogen, with the 
simplest and lightrat of all atoms, prabably conidbutes a large frac¬ 
tion of the total matter in the universe. There are insistent sugges¬ 
tions that the relative abundance of hydrogen varies considerably 
from star to star. There is also some reason to suppose that the rela¬ 
tive abundanca of other elements does not vary widely in the stars, 
although the pfivsical conditions of the stars do vary widely (from 
giants to dwarfs,’from hot blue stars to cool red stare). The supposi¬ 
tion rests mainly on negative evidence ami requires further study 
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It is believed that the 200-imh alone can adequately explore this 
field now dimly outlined with existing telescopes. Wlmt is now sug¬ 
gested by analysis of three or four of the very hngbtest store can be 
eritieallv tested in these objects, and the study can bo inct^dcd m a 
rompar^blo way over a largo sample collection of stare m general. 
We cannot predict the final results of the exploration. They may 
represent the ne,xt major chapter in the developmeot of onr knowl^ige 
of Uie univeree, or tlrey may prove to Ihi relatrveljytnvml. But lie 
unexplored field looms as a challenge, and tho challenge will be met. 

The data are iinmensciy important because they bear direcUy on 
two very frnidamtntal problems, namely, the source of etcllar energy 

flini! the oricin of ehctnical elements. 

Geologists, studying the history of the earth's surface, assure ^ 
that the sun has been pouring out energy at a fairly co^tant rate 
over the last several hundred million years at Ic^t. Possible snnn^ 
for the unfailing supply were not only unknown but were nmmagined, 
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until tlie modem scieoce of niicloiir physics was developed. Now ox- 
planalions may be sought over a ^"ido range of nuclear reactions giv- 
idg various lifetimes to stars up to the limit sot by Einsteui^B famous 
formula, 

energy™masaX (Telocity of light)* 

For mstance* If the whole of the sim^s mass were transformed directly 
into eneigyp the aun could radiate at the present rate for a million 
million years. But^ if nudear reactions supplied the energyj tlie 
possible lifetime (with iha present rate of radiation) would ho reduced 
according to tho particular reaction involved- 

The nuclear reactions, in general, produco the transmutation of 
clcmontB—the old dream of the alchemists. The most plausible of 
the current theories eoncemiug the source of the sun^s energy^ pro^ 
posed by H. Bethe^ is based on the carbon cyclo in whichp because of 
the presence of carbon at tcniperaturcs foiinel in tlie sun, hydrogen 
nuclei may combine to form helium, rdcasing energy in the process. 
One test of the theory is furnished by a coniparison of tho relative 
abundance of tho difTereul isotopes of carbon actually observed in tlie 
sun with the relative abundances involved in tho carbon oycle^ 

In a vaguely analogous way* it is possible to speculate on the build¬ 
ing up of all elements from the primitive hydrogen iitomSj and these 
spoculaiiona may be guided by tho observed relative abundances of 
elements in stars of widely different physical characteristics. 

Thus the data on abundancesp derived from large^alo spectra^ 
bear directly on all dieories concerning the source of stellar energy, 
tho origin of chemical elementSp the past history of the universe, and 
its future evolution. 

The third unique field of investigation for the 20t)“inch is cos^ 
mology—tlie structure and behavior of the universe as a whole^ Ab- 
tronomers hope that the obHcrvable region of spaco^tho region that 
can bo observed with teleflcopes^ia a fair sample of the UDivcrse, and 
they attempt to infer the nature of the universe from tho observed 
charactenstics of Uie sample-. The 300-incht because of its great 
light-gathering power, should penetrate into space about twice as far 
as the lOO-inchj and consequently will permit 119 to explore a volume 
of apace about eight timee that now available. The probability that 
the observable region may he a fair sample of the uoivorso wSl thus 
be greatly increased. 

It was the IfiO^inch that opened this new field and prepared the 
way for the new telescope. The picture developed rather suddenly 
during the 1920^s. The sun with its family of planets seems ieolated 
and lonely in space, hut we know that it is merely one of the stars— 
one of several thousand million stars whichp together, form the ateUar 
systcun. Tills system is a swarm of stars which drifts thmugb space 
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^ a B^v'arin of bees drifts through the siTi Prow our position soine- 
whero within the systow, we look out through the awami of stats, 
past tho boundaries, into the univciBc beyond. 

Those outer regions arc empty for the most partr—vast stretubes 
of empty space. But here and Ihero, scattered at immense intervals, 
we find other stellar sj'stems comparable with our own, They are so 
remote that individual stars can bo scan only in a few of the nearest 
systeuis. In general they appear as faint patches of light, roeembling 
tiny clouds, and have long been called by tbe Latin word for clouds— 
that b, “nebulae." 

We now know I hat these nubiilac are huge stellar systetius averaging 
about a hundred million times as bright as the suu. They arc the 
true inhabitants of space—vast beacons that serve ua landmaria for 
the exploration of the universe. We sco a few that appear Luge and 
bright. These are tho nearer nebulae. Theu wo find Utem smaller 
and fainter in constantly increasing nmnbers, and we know wo are 
reaching out into space farther and ever farther, until, w'ith the faintest 
nebulae that can be detected with the largest telescope, we have 
reached tho frontiore of tho observable region. 

This region has been explored with the 100-inch out to distances so 
remote that light, speeding at 18G,000 miles per second, requires 500 
million years to make the journey. Thus the observable region at 
present is a sphere, centered on the observer, with a radius of about 
500 million light-years. Throughout this sphere about a hundred 
million nebulae are scattered, each a stellar system comjmrablc to 
our own system of the Milky Way. 

The study of this observable region as a sample of the universe has 
led to tlio recognition of two laige*scale features. The first feature 
is homogeneity. The nebulae are scattered singly, in groups, and 
even in great clusters, but when very large volumes of space are com¬ 
pared, their contents are found to be quite similar. On the grand 
scale, the observable region appears to be very much the same, in all 
directions and at all distances. 

The second characteristic U the fact that light waves from distant 
nebulae seem to grow longor in proportion to tho distance they have 
traveled. It is us though tlie stations on j^our radio dial were all 
shifted to^vard the longer wave lei^ths in proportion to the distances 
of the stalioiw, In tho nebular spoctra tbe stations (or lia^) are 
shifted toward the red, and these rod-shifts vary directly witli dis¬ 
tance—an approximately linear relation. 

Tho red-^ifts are most easily interijreted as evidence of motion in 
the line of siglit away from the earth—us evidence that the nebulae 
in oil directions are rusbing away from us, and that the farther away 
they are, the faster they are receding. This interpretation lends itseU 
directly to theories of an expanding universe. The interpretation is 
ssetul—oe-is 
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Dot uiuveisally Accepted, but even tho most cuutious of us sdnut ihAt 
red-sbifls are c%'idciice either of an expanding imiyorse or of some 
liitberto unknoivn principle of nature. 

The two observed characteristics of tho observable region, namely, 
the approximately uniform distribution and the approximately linear 
law of red-shifts, must be satbfied by any theory of the universe. 
They aro tho only ol>sorvational results on the grand scale that can 
be used as tests. They serve to eliminate many theories formerly 
developed on uisufEcicnt data, but several modern theories survive 
the tests. Iliese latter theories all permit the observed features in 
a limited region near tho observer but they predict that departures 
from the simple approximate laws of distribution and of red-shifta 
will be found when the measures aro extended to greater distances. 
These departures diiler from theory to tbcoiy, and, if the measures 
can be extended to the necessary distance, will distinguish the correct 
theory from the false. 

Thus the most important observational problems in cosmology may 
be described as tho small, second-order effects of great distances. 
The nebulae appear to be distributed in a roughly uniform manner 
and the red-shifts appear to be roughly proportional to distance, out 
to the limits of the lOO-inth. The next step is to determine these 
features more precisely over the limited range of the lOO-incb and 
approximately out to far greater distances. 

Attempts have been made to attain the necessary precision with 
the 100-inch, and the results appear to bo significant. If they arc 
valid, it seems likely that red-shifts may not be due to an expanding 
universe, and much of the current speculation oii tlic structure of tho 
universe may rc<^uirB re-exammation. Tho significant data, however, 
were necessarily obtained at the vciy limit of a single instrument, 
and there were no possible means of checking Ibo results by inde¬ 
pendent evidence. Therefore the results must be accepted for the 
present os su^estive ralber than defmitivo. 

The problem is essentially one for the 200-inch. This new telescope 
^vill penetrate into space out to a thousand million light-years, and 
the second-order effects of great distance will be so conspicuous that 
they cannot be missed. 

As Q particular and final example, let me mention the effects of 
increasing rcd-al)ifts on apparent brightness. It is w'ell known that 
a rapidly roceding light appears fainter than a similar, but stationary, 
light at the same momentary distance. The reason is that the stream 
of hght-quauta from the mevltig light is thinned out by the recession 
so that fewer qiiunla per second reach the observer. Since hrightiicss 
U measured by llie rate of arri val of quanta, the receding light appears 
abnormally faint. 
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Actually the fiiiMnning factor (the reduction of apparent brig^itncsa) 
is a simple fraction represented by velocity of recession divided by 
the velocity of light. Recession at one one-hundredth the velocity 
of light reduces the apparent brightness by 1 percent; at one-tenlh 
tho velocity of ligbti by 10 percent, and so on. Thus the effects of 
recession would bo negligible tinltl velocities of several hundred miles 
per second were reached. The effects would be appreciable at a 
few thousand miles per second, and conspicitoua at several tens of 
thousands of miles per second. 

If red-shifts are evidence of actual recession, the dimming factors 
should become appreciable near the limits of measurement with the 
lOO-inch and should bo conspicuous near the limit of the 300-mch. 
At the very limits of direct photograptis with the 200-inch, the factor 
should approach tho order of 40 to 50 percent, and should be unmis¬ 
takable. 

Wo may predict with confidence that the 200-inch will tcU us 
whether the red-shifts must be accepted as evidenca of a rapidly 
expanding universe, or attributed to some new principle of nature. 
Whatever the answer may be, the result will be welcomed as another 
maior oontribuUon to the exploration of the universo. 

1 have mentioned tho three specific problems of canals on Mars, 
relative abundance of chemical elements in stEirs, and the nature of 
the red-shift, because they illustrate the unique powers of the 200- 
inch tolcscope in three aspects, namely, resolution, dispersion, and 
space penetration. 

Because these problems are of first importance, and can be solved, 
they, together with others of a similar kind, will be included in the 
initi^ research programs* Tho solutions of these problems alone 
will fully justify the construction of the telescope. 

But such a program is merely a logical begin ning —the first carefully 
considered stage in the exploration of vast unknown regions of the 
uni verse. As the darkness is pushed back, greater problems will 
doubtless emerge which we cannot now foresee* 

FIRST PHOTOGRAPHS WITH THE 200-lNCE HALE TELESCOPE* 

The firat photographs with the 200-mch Hale refiector on Palomar, 
made under normal observing conditions, confirm the most optimistic 
predictions of its designers* Such a statement, as usual, requiressome 
explanation. The photographs were made as routine testa to record 
progress in the tedious program of adjuslmenta. Seeing was never 
better than “average,” the aluminum coat was duaty and grimy, and 
the mirror showed a turned-up edge. These handicaps, of course, 

, f, .r tH* TV iinhw* &om U» rublioaUam ct lliii AiirwMi3<»l Soefatr af the PMJfla, toI. it. 
L'd. 340, 7IU1' IMS. 
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frill be elimmated or avoided ia time, but duriog tho tests they caused 
Bomo loss ol light and appreciable loss of defimtion, N’erertUelesa, 
tho test plates record stars and nebulae fully 1.5 magnitudes fainter 
than the extreme limit of tho lOO-inch roflector on Mount WiUon. 
The faintest star images, on tho better plates, were, however, a little 
more than 1 inch in diameter, and, at the threshold, it was sometimes 
difficult to distinguish with certainty between stars and nebulae. 

Thus tho 200-inch has registered already the full gain in lights 
gitthftring power corrospoiiditig to the size of the main mirror. The 
slight additional gain that may be expected with a clean, sensibly 
perfect tniiior surface viill bo accounted for by the absence of a 
Newtonian flat and by tho very transparent sky over Palomor. 

The greatest improvement in tiie future will bo in definition, as 
indicated by the size of faint star images. Dermition is very sensitive 
to tho seeing, and, while llie teat plates approached tiic definition 
to be expected under average conditions, they indicated that the 
mirror is not yet in shape to operate at nia.vi]iium efficiency on the 
rare nighto of fine seeing, Tho iroublo arises from the turned-up 
edge and can bo eliminated by the retouching now in progress. The 
improved definition will be significant, particularly for distinguishing 
nebulae from stars at the threshold of long exposures. In the higher 
latitudes, the telescope records many more ncbtilaa than stars. 

Tho tumed-up edge was well known from Hartman teste, and its 
effects could be predicted with some confidence. The photographs 
Were made primarily to confixm and record these effects. However, 
tho first plates were so impressive that a act of full exposures was 
made to serve as a record of performance before the mirror was 
removed for retouching. About GO photographs were assembled over 
tho 3 moutlis from January 2G to April 28, as opportunities arose 
during the normal program of adjusltnente. Of this number, perhaps 
half a dozen represent full exposures under average seeing conditions, 
and a like number show good performance with reduced apertures or 
with a Ross correcting lens for enlarging the usable field. Selections 
from tho files are iUuBtratcd in plates 5 to 10, and comments on them 
are given below. Tho full aperture (200-inch) and Eastman lOSa-O 
emulsions were used in all exposures except those to which special 
references are made in the commente. The scale of the original 
negatives is about I mm=12''. 

Plate 5, NGCa2ei? RA.=6^3eTG, Decl.=-|-8‘’47' (1950); Jan. 2S, 
1949; 15 roiu, exposure, poor acemg; enlarged 3KX. 

This plate shows tlie first of the photographs with the Hale tele* 
scope. It is recorded as PH-l-H (i. e., Palom&r, Hale, No. 1, followed 
by the initial of the observer). It was made under poor conditions 
as a preliminary test of the mechanical operations and procedures 
involved in direct photography at the prime focus. The trial was 
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successful, except for the large size of lUo star imfl^es produced by 
the poor seeing. The exposure was made on January 26, 1240, about 
10 p. ni,, after waiting more than a W'cek for a break in the weather. 

The object, KGC2261, is a well-knowTi, variable galactic nebula—a 
cotnet-shnped niaas with the variable star, E Monoccrotis, at the apex. 

Plate 6, S.A. 57; R.A.=13‘6'^3, Dcd.= +20°37' (1050); Jan. 27, 
1040; 60 min. exposure, seeing average; enlarged 7)JX; center is 2f5 N. 
and 3f4 W. of BD+30'^2371. This selected area contains one of ^a 
most reliable magnitude sequences available for faint stars extending 
to the 2let magnitude. Exposures of 1 minute r^fistered stars to 
about 19.7, aud of 3 niinutes, to about 20.7. Exposures of 6 or 6 
niinutea reached the extreme limits of the lOO-inch, boyond the end 
of the sequence. From those data it is estimated that the OO^minute 
e.xpcsuTes permitted by the dork sky above Falomar readied at least 
1..5 magnitude beyond tlie IDO-incb. 

The threshold of the plate is dominated by nebulae rather than by 
stars, and this fact emphasizes the tremendous range of the telescope. 
Some of tbo faintest nebulae recorded are presumably at about twice 
the distance reached with the lOO-incb or, in round numbers, at about 
1,000 million light-years. This figure, of course, refers to average 
nebulae. Itulividual inures on the photograph may represent dwarf 
nebulae at lesser distances or giant nebulae, even more remote. 

Plate 7, Messier 87 (SGC4486); R.A. = 12‘2 S'p 3, Decl.= + 13''42' 
(1050); Apr. 37,1040; cx|josurc 45 min., seeing average; enlarged 8X. 

The object is one of the brightest members of tho Virgo cluster of 
nebulae, whose distance is of the order of 7.5 million light-years. It 
ia dosaified os a peculiar elliptical nobula (EOp). Tho photograph 
shows the nebula, presumably a globular mass of type II stars (i. e., 
stare similar to ihoso in globular star clusters), surrounded by an 
extetiaivo, tenuous atmosphere of supergiant stars. This phenomenon 
was suggested by the best photographs made with the 100-inch on 
>fount Wilson, but is conspicuous on the 200-inch plate. 

Plate 8, NGC5204; R,A.=13’‘28'«‘0, Decl.=-|-58*3S' (1950); Jan. 
31, 1949; exposure 30 min,, seeing average; enlarged 4X. 

The object is a dwarf, late-type spiral in Ursa JTajor, at an esti¬ 
mated distance of less than 3 railUon light-yeare. The plate b in¬ 
cluded to show the ability of the telescope to resolve the neighboring 
stellar systems so that tho brighter stare can be studied individually. 

Photographs of several of the larger spirals, such as M 81, KGC2403, 
etc,, have been made, but the coma-froe field of tho telescope at full 
aperture b so small (about 5 minutes of arc in diameter) that the 
plates are not suitable for reproduction on a scale sufficient to show 
the resolution to advantage. 

Plate 9, NGC3350; R.A.= 10*43'P4, Dcc 1.^+63®20" (1950); Apr. 
27, 1049; exposure 45 min., seeing average; enlarged 3X. 
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This latft-typc barrel spiral man isolated stellar systetn otj possibly, 
an outrider of the Urea Major cloud of bright nebulae, and its distance 
is of the order of 5 million light-years. The plat* is included to iUus- 
irate the resolution of fairly distant nobulao, and the opportunities 
now araUable for the study of the very brightest stars in stellar 
aysteins. 

Plate 10, Messier 3 (NGC5272); E.A.=13'*39^5, Decl--b2S“3g' 
(1950); Apr. 21, 1949; exposure 3 min., made with an aperture of IGO 
inches, ami a Ross correcting leus; seeing average; enlarged 8X. 

This plate, of a wcU-known globular star duster, is included to 
illustrate the use of a Kosa correcting lens, placed a few inches in 
front of the plate, to enlarge the coma-free field of the telescope. 
The lens performed well with the 160-mch aperture hut, with the 
full 2(H)-inch, it exaggerate! the effects of the tumed-up edge of the 
main mirror. The provisional mounting of the lens did not permit 
the use of a guiding eyepiece, so the plate shows the successful per¬ 
formance of the tracking mechanism of the telescope^ during an 
unguided exposure of 3 minutes. The usable field with this correcting 
lens is more than 15 minutes of arc in diameter. 
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Of tFo UiTce fundamental physical units, there la an essential 
distinction between the unit of tune and the units of moss and lojigth- 
Tbe units of mass and length are represented by material standards 
to which any mass or length can be related, eillier directly or indirectly. 
Rut the unit of time cannot bo represented by any material standard- 
For practical purposes time can be thought of in the Newtonian sense 
as something which Qows uniformly. Tlie passage of time can be 
marked by a clock, and any simple natural phenomenon which obeys 
one definite law without perturbation miglit be used to mark off equal 
intervals of time and therefore to servo as a clock. The rotation of 
the earth provides us with a natural clock. shall ace later that it 
is not a perfect dock, but that it is sufficiently uniform for almost all 
practical purposes; it has, moreover, the great advantage of never 

stopping. . , , 

We can therefore define the unit of time as the period of rotation 
of the earth. Some reference object must be selected gainst winch 
to measure the rotation. For the purposes of eve^day life, rime 
must be related to the sun, whose risiog and setting gives the alterna¬ 
tion of daytime and nighttime. The day defined by tiie rotation of 
the earth with respect to the snn is called the true solar day; it Is the 
interval between two consecutive transits of tho sun across tho 
meridian of any place. AVith this unit, true solar time is obtained 
by dividing the Iruo solar day into 24 hours and calling the instant of 
meridian passage of tho sun 12 houm. The time given by a sundial 
is true solar time. For practical purposes, however, true solar time 
is not convenient; because the motion of the aun across tho heavens 
is not uniform, the Icdgtli of tho solar day varies in length throughout 
the year. For civil purposes, therefore, a moan solar day is used, 
whose length k c^lual to tho average length of tho true solar days 
throughout the year. Tho time based on tlio moan solar day as unit 
ia called mean solar time. The relationship between mean solar timo 
and true solar time at some particular iostant is defined by meona of 

IflhtWBlii Artftof toetnru. niKiff On jmjpliSw of Wm SmUIHrlilm Iib«IIii1Idd AprQ H, I9W. 
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a conTflntion, into tip details of whioh I need not enter. The extreme 
differences between mean and true solar times range from minutes 
about NoTcmbcr 3, w-hen true noon precedes mean moon, to liH 
mi nutes about February 12, when true noon follows mean moon* 
Astronomers, howoTer, find it more conveuient to determino time 
liv tlio obaerratiou of the stars. There are many stars but only ooo 
sun and, moreover, the timo of transit of a st ar can bo determined more 
accurately than the time of transit of tbo sun. Tie sidereal day is 
defined by tie rotation of tie earth relative to tiio stars. It is about 
4 mmutos shorter than the solar day, If wo imagine the sun and a 
star to be on tie meridian of some particular place at Lie same instant, 
then after the lapse of one sidereal day tiie star will again be on tie 
meridian I but, because of the orbital motion of tie earth round tie 
sun, tho earth will have to turn a ittlc more in order to bring tie sun 
onto the meridian. In the course of a year tho earth completes its 
orbit arountl the aun and there must consequently bo exactly one more 
sidereal day in the year than mean solar days. 

If lie rciativa positions of a number of stars in the equatorial region 
of the sky have been accurately determined, wa can think of them as 
equivalent to tho graduations on the face of a clock. As the earth 
rotates, a telescope, fixed so as to be able to move only in the meridian, 
will sweep across those stars in turn, each at a definite specific instant 
of sidereal time. By observing tie transit of stars whose positions 
ore known, the sidereal times at the instants of mcriiHan transit are 
therefore detarmmod. The beginning of the sidereal day or, in other 
words, Oh. of sidereal time, is defined by the transit of tiio point in 
the sky at which the ecliptic crosses tho equator from souUi to north; 
this point is called the vcnml equinox or I ha Fimt Point of Aries. 

By defining tho conimencement of the sidereal day in thLs manner, 
wo are provided with a means for converting from sidereal time to 
mean solar time, w-^hicb is required for tho purposes of everyday life. 
But it has one inconvculeuce. Tho First Point of Aries is not fi.xed 
relative to tlie stars. U has a slow retrogrado motion, duo to the 
precessional motion of tlie earth’s axis, and siipcriiosed on this uniform 
motion is a slow to-and-fro ilrlft, caused by thn nutational or nodding 
motion of ibe o-xis. The nutation depends upon the relative positions 
and distances of the sun and moon from tho earth. The principal 
term in the nutation has a period of about 18 years and a somi- 
amplitiide of about I second of time. There is also a 6-monthly term 
amounting to O.ns second and a number of short-period terms 
amounting to 0,020 second, of w-hicb the principal term has a period 
of 2 weeks. Tlie precision of modem c1ock.s is aueb tliat these small 
terms cannot be neglected. The true sidereal day, measured relative 
to the true position of the First Point of Aries, is therefore not abso¬ 
lutely uniform in length, and it is ncceaaaiy to introduco tho con- 
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ccption of mean sidereal time, measured relatJTfl to the mean position 
of the First Point of Aries. Actual observation of the stars provides 
the astronomer with true sidereal time, which he then has to correct 
for the nutation to obtain mean or unifoitn sidereal time. 

The determinations of time by astronomical observations are used 
to control the performance of a standard clock, determining its error 
at a specific instant and .the rate of increase or decrease of that error, 
the clock then being used to obtain the time at other instants, This 
usuollj involves estrspolation to some time subsequent to the latest 
observation. For such estrapolaiion to be accurate, the time de¬ 
terminations must not be affected by serious errors and the standard 
clock must be of high precision. The determiaation of precis time 
therefore involves two problems, the determination with high ac¬ 
curacy of the time at specific instants and the development of time^ 
keepers of very high precision- 

The sidcre^ time of the transit of a star across the meridian is 
equal to the right ascension of the star. Sidereal time Mti therefore 
be detormince! by oljeerving the times of meridian transit of stars of 
known right ascension. The conventional method of making the 
observations has been to use a transit instrument. This consists of a 
telescope, mounted on an aids at each end of which is a cylindrical 
pivot. The pivots rest in fixed bearings, adjusted so that the oonmon 
axis of the pivots is as nearly as possible horizontal and pointing in an 
east-w'est direction. If the axis of the pivots were exactly horizontal 
unH in the east-west direction and if the optical and mediauicai axes 
of the telescope coincided, the axis of the telescope would be in the 
meridian plane, whatever direction the telescope was pointing to. 
This ideal condition is never achieved and there are always small 
errors of level, of azimuth, and of collimation. These adjustments 
arc liable to continual change; there are slow seasonal changes, as¬ 
sociated with changes of tempcratiire and possibly also with sub¬ 
surface moisture*; there are also more rapid changes, which ^ cor¬ 
related with chimges of circamambient temperature and w'ith the 
direction of the wind. To control these chanees frequent observa¬ 
tions of level, of azimuth, and of collimation are eMential, ’which take 
up a disproportionate amount of the observing time. The error of 
collimation can, however, be eliminated if the telescope is rever^ 
in its bearings in Iho middle of each transit, half the transit being 
observed before reveraal and the other half after rcvereal. It is not 
possible to reverse laige transit instruments sufficiently quickly and 
it has accordingly become customary to use small transit instnunenta, 
which can be rapidly reversed, for the detcrroiuation of time; as it 
is the brighter Stars which are observed, a large aperture b not needed. 

There ore other factors which have also to bo taken into considera¬ 
tion. The pivots will never be absolutely cylindrical; their figures 




192 ANNTJAI, KEPORT SMITHSONIAN INSTITUTION, lfl4® 

have to be determined with greet accurec? end appropriaie correctionB 
made to the obaemations. FJcsure of the axis can cause troublesome 
systematic errors. If the horizontal axis is not equally stiff in all 
diiections, its flexure will vary according to the direction in which the 
telescope is pointed. If the two halves are not equally stiff, the 
telescope will be twisted from the meridian by a variable amount. 
Personal equationa between difforent observers arc somewhat trouble¬ 
some, though they do not exceed a few hundredths of a second when 
the so-called impersonal micrometer is used. Before its introduction, 
the method of observing was for the observer to press a hand-tapper 
at the instant the star crossed each of a number of vertical spider 
wires in the focal piano of the telescope; hy so doing, he closed an 
electric circuit w’hidi sent a current to a recording chronograph, which 
recorded not only the signals from the telescope but also time signals, 
every second or alternate seconds, from the dock. The instants 
of the star crossing the wires could then be read off at leisure after the 
ohservarions had been completed. With this method of observing, 
the times determinod hy different observers could differ by as much as 
half a second. The reason is easy to see; one observer might wait until 
he saw the star actually bisected by the wire before be pressed the 
tapper, with the result that, because of the time required for the mes¬ 
sage to travel from his brain to his eye and to be converted into 
muscular action, his signal would inevitably be late; another observer 
would, as it were, shoot the flymg bird, gauging the rate of motion of 
the star so that his tap is made as nearly os possible at tbe instant at 
which the star is actually bisected. The personal equations can be 
determined by wbot arc called personal equation machines; the 
transit of an artificial star is observed, the times at which the star is at 
certain positions during the transit being compared with the observed 
times. All hough an observer will unconsciously form a fixed habit 
In observing so that hta personal equation remains substantially 
constant, small variarions, depending upon the physical condition of 
the observer, do occur. 

The method of observing now- almost universally employed is to 
have a single movable wire in the micrometer eyepiece instead of 
a number of fixed wires. The wire can be traveled along by the 
observer, who adjusts Its speed so as to keep the star continually 
bisected by the ivlro. As the wnro moves along, contacts arc auto¬ 
matically made In certain pcsitiona, sending signals which are re¬ 
corded on the chronograph. In order to relieve the observer of some 
of the strain of maintainiug a uniform motion of the wire, it Is now 
common to drive the wire mechamcally at the speed appropriate to the 
motion of the star, using an electric motor with some form of con- 
tinuouBly voriablo gearing. WTth this method of observing, the 
personal equations of different observers are very small, usually not 
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more than two or three hundredths of a second; it Is for t^s reason 
that this form of micrometer is called the "impersonal' micrometer. 
Small though these residual personal ECjuatioiis are, they remain 
remarkably constant and can be determined by pemonal equation 
machines. They seem to arise from two caus^: there is "hi^tion 
error," an observer systematically bisecting an image to the right or 
to the left of its centerj this error changes sign at the zent^ mth 
instruments in which the observer changes the direction m which he 
faces, according to whether he is observing a north or a south star; 
there is also "following error," an observer systematically sotting the 
wire in front of or behind the center of a moving image. This error 

does not change sign at the zenith, 

If the pivots arc not exactly cylindrical, the telescope wiU be 
tuTsted out of the meridiftn by an amount votying with its position. 
The figures of the pivots must therefore bo determined with great 
accuracy and appropriate corrections applied to the observed times of 
transit.* The figures of the pivots must be determined at inten-als, 
as they may change slowly in the course of use through ^wear. Other 
variable errors can he introduced through slight mechanical imperfec¬ 
tions in the telescope; if there is tho slightest play in the eyepiece 
micrometer or in the objective, errora will bo introduced which will 
vary with the position of the tdescopo. 

When all the possible sources of error which can affect observations 
with a transit Instrument are borne in mind, it is rather surprising 
that tho observations are as accurate as they are. The probable error 
of a single time determination is usually about two-hundredths of a 
second. This was quite accurate enough before tho era of clocks of 
high precision and before there were any practical requirements for 
verv precise lime. The scatter of the observaUons is, however, incon¬ 
veniently large for the adequate control of the performance of the 
modem quartz-crystal clock. For these reasons tho conventional 
transit instrument is likely to be gradually replaced for the purpose 
of time determination by some other typo of instrument. Several 
modifications of tho trantit iostmment have been considered which 
eliminate or ramimizo some of its disadvantages. The most accurate 
results arc dven, however, by an entirely different instrument known 
as the photographic zenith tube. It consists of a fixed vertical telescope 
pointing to tho zenith, which has a mercury horizon at the bottom of 
ita tube, whoso purpose is to reflect the light from a star to a f<mus m 
the plane of the second principal point of the objective. The funda¬ 
mental principle of the instrument was due to Sir George who 
first used it for the reflex zaDith tube at Greenwich: when me hght is 
brought to a focus accurately in the plane of the serond ptmcipal 
point of the objective, the results are uoaSeclcd by ^t of the telescope. 
The troublesome error of level is therefore immatenal, while any error 
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of azimuth does not observations msde In the zemtli. The 

telescope h constructed so that the objective and the plate holder can 
be rotated through ISO®, the observations being made phorographicoJly 
in order to diminate personal equations and to give greater accuracy» 
Suppose two exposures are given on a star at times which are sym¬ 
metrical about the time of meridian transit, the objective and the 
photographic plate being rotated through ISO® between them The 
two imoges will lie on a line exactly parallel to the meridian. If, 
however^ tho two times of exposure are not exactly symmetrifMilj the 
images ^ill bo slightly staggered; by measwing tlie staggering and 
knowing the clock times of the two exposures^ Uie dock time of 
meridian transit can be inferred. 

In practice an exposure of Unite length is required to give a 
measurable image ou the plate. During this exposure the plate holder 
IB traveled along at the speed appropriate to the motion of the star^ 
signals being sent to the chronograph at certain definite positions of 
the piate holder^ After reversal tbe plate carriage retraces its pathg 
and siguEik arc sent during tlie course of the second exposure at tho 
same positions. 

With this design of instrumentj collimation error does not cnl-crj 
there are no pivot errors to ba considered , and the various sources of 
error inherent in a movable mslniment are avoided. At the Naval 
Observatory, Washington, a photographic xeniih tube, designed and 
used by F. E. Ross originally for the deternunation of the variations 
of latitudei has been used for some years for (Jie detormination of time- 
An instrument on tho same general prindplo,^ but dilTcring materially 
in detaib of design, is in an advanced stage ef construction for tho 
Royal Greenwich Observatory, The eitom of time determination 
should not exceed 2 or 3 miJliacconda, which will permit a tight control 
of the perfoimance of the observatory clocks^ 

For the purpose of time determination it is neceosary to assume 
positions for the stars which are observed. These positions will have 
random errors, whose effects can be reduced by obeerving sufficient 
stars. But they may also be affected by systematic errors; if, for 
LQstancet the errors vaiy with right ascension they will introduce a 
spurious systematic variation in the derived dock error through ths 
year. For the purpose of time determinations and in order that the 
times determined at different observatories can be directly comparedf 
there ia an intnnmtional agreement to use the podt^ons of tbe etors 
given In tbe fundamental star catalog known OA Ihe FK3. These 
are bright starsj whereas with the photographic zenith tubej inasmuch 
as obsorvatioDs are restricted to a tianoTr belt at the zenith, it is 
neoessary to use fainter stars. Their positions must therefore be 
determined by transit circle observations and tied on to the FK3 
^tem. The photographic observations will in course of time provide 
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somfl measur<^ of control over the periodic errors in right ascension of 
the FK3 system itadf. 

Until about 25 years ago, pendulum clocks of the regulator type 
were used as the standard clocks in ohservatories. A considerable 
improTement in precision was brought about by the inTcntion of the 
free-pendulum clock. In an ordinary pendulum clock the timekeeping 
is impaired by the variable friction involTcd in driving a train of 
wheeia to move the hands and record the actual time on a dial. An 
appreciably higher aoenracy ia to he expected if the pendulum is 
allowed to swing freely, except when it receives periodically impulses 
to maintain its swings and is thereby relieved from aU extraneous 
work. To atlueve this had been the aim of horologists for many 
years, but although many attempts were made it was not really 
successfully accomplished until the invention hy W* H* Shortl of his 
free-pendulum clock. The master pendulum is enclosed in an airtight 
case, in which the air pressure is reduced to about 1 inch of mercury 
and which is mamtained at constant temperature and swings freely, 
except for small impulses, given at half-minute intervals, to main¬ 
tain the amplitude at a nearly constant value. The slave clock 
is a normal synchronome electric dock, which Is adjusted wiien swing¬ 
ing as an independent clock to lose about 6 seconds a day. The 
synchronizing action required from the mixstor free pendulum is there¬ 
fore a one-way action—alw^ays an accelerating action. The sIavo 
pendulum iUclf releases dcctricaUy the impulsing lever of the free 
pendulum^ which faUa when tlie free pendulum is at the midpoint of 
ita swing. The impulse ami falls on the top of a small pivoted wheel, 
mounted on the free pendulum i this boing a dead j>oiixt, and the 
impuloo not commencing to be given until the pendulum swings 
outward from the central position, the amount of the impulse docs 
not depend upon any slight variation in the synchronization between 
the two pendulQnis which may occur. 

The aynchronization of the slave pendulum is affected by means of a 
light flexible spring carric<l on it. The impulse arm of the free 
pendulum I after it has fallen clear of the pendulum, actuates a device 
which closoa an electric circuit and sends a current through a small 
electromagnet adjacent to the slave pendulum. If the slave clock has 
dropped sufRciently behind the master, the armature of this electro- 
magnet will, when the electromagnet is excited, engage the bent end of 
the light spring on the slave pendulum. The end of the spring ia then 
hdd fixed and, as the pcndulmn swings, the spring b flexed and the 
pendulum is accelerated; if, on the other hand, the slave pendulum b 
closely in phase ivith the master, the end of the spring passes under 
the armature before the electromagnet is excited, and nothing happens. 
The length and strength of the spring are so adjust^ that when the 
synchroniziiig action occurs the slave pendulum is accelerated hy 
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JiiB Becond. As tlie natural losiDg rate of the slave clock # 6 seconds 
a day, is equivalent to Jfsu second per minute, the ajuchromster, which 
is actuated each half minutej should hit and mifis altemat-elj. For 
this reason it is called the "hit-and-miss" synchronizer. 

The first experimental Shortt free-pendulum cloek was installed at 
the Edinburgh Observatory in 1921. It at once proved to be such an 
improvement upon previous pendulum clocks that two were inslaJled 
at the Greenwich Observatoiy in 1923 and others in subsequent years. 
It was the exceUent performance given by these clockB that made it 
neceasary for astronomers for the first time to introdnee the conception 
of mean sidereal time. Previously true sidereal time bad been uni- 
vorsalJy used* as clocks were not good ^ough to be able to show’ up the 
smail oflecta due to the short-period terms in nutation. The fre^ 
pendul util type of clock is capable of an accuracy of about one^ 
hundred Lh of a second a day. Detailed inveatigalion of their 
performance has showm, however, that such clocks are liable to 
frequent small erratic changes of rate, of the order of about 3 milli¬ 
seconds a day. Small though such changes ore, they cause, by 
integration, an irregular wandering of tho clock- For sending out 
time signals, it is alw^ays necessary to e^lrapolata beyond the latest 
time, dotennination; those erratic changes of rate restrict the accuracy 
with which the error of tho clock can be extrapolated. It con, on 
occasioUt happen that 2 weeks or more may elapse without any check 
on the performance of the clock being possible and the transmitted 
Lime signals may consequently be appreciably in error. Moreover, 
because of the errors of observation^ there is a natural scatter in the 
derived errors of the clock. In interpolating between the observed 
errors tlioro is no tneans of distinguishing between scatter due to errors 
of obscFvaliou and scatter due to the irregular w^andering of the dock. 
It is possible, of course, to attempt to reduce tho effects of the 
wandering by using the mean of several clocks, NeYeriheless, very 
high accuracy cannot be obtained, because residual effects due to tho 
iiregularitics are always present. 

A new standard of accuracy has been provided m recent years by 
the use of an oscillating quartz crystal, developed originally to serve 
as a precision standard of frequency. The quarts clock Is based upon 
tlie piezoelectric property of quartz. If a plate of quartz is com- 
pressacil, the two opposite faces become dcctricnlly charged^ one 
positively end tlie oUier negatively. Conversely, if two opposite 
faces are given positive and negative charges respectively, the piece 
of quartz experiences a mechanical contraction or expansion. By 
rapidly nltemating the electric charges, the quartz can be maintained 
in meehameal vibration* In the quartz clock an oocillating electrical 
circuit is used, the dimensions of the crystal being adjusted so that its 
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natural re^nanco frequency is equal to the frequency of the oscillating 
circuit. Under these conditioixa a strong vibration is sot up and the 
quartz crystal takes control and locks the frequency of the oscillating 
electrical circuit to its own reeonance frequency- Quartz is a very 
stable substance and, provided it is maititoincd at a very uni form 
temperature and the drive circuit is properly doaigned^ the frequency 
reniains constant to a high degree of accuracy. It is usual for the 
crystal to bo cut to give a frequency of 100^000 cycles a mean time 
secondp the dimensions of the quartz then being convcmuntly small. 
This frequency is divided dowu in ntepa olectronicaUy. either by the 
use of multivibratora or by frequency subdivision until an output 
with a frequency of kOOO cycles a second is obtaine^l. Tho output 
of this frequency is used to drive q phonic motori from which time 
Biguak can be obtained at any desired intervals. 

Such clocks have many advantagefi over pendulum clocks. They 
have proved to have very high short-period stabilit^^^ Their erratic 
changes of rate are loss than half a millisecond a day, and the clocks 
themselves can be relied upon to about 1 tuillisecond a day- For 
extrapolating between scattered time detenninatious they are there¬ 
fore much superior to pendulum clocks. They have, moreover, the 
advantage of the great flexibilitv inherent in dealing with l0d,0(K) 
vibrations a second i us tend of Duly s single one. Electronic methods 
can be used for quickly and accurately determining the relative errora 
and mt-es of the clocks. For such purposes at Greenwich, decimal 
counter cbronomctcrs are usedi This device consists of a scaJe-of-tca 
counter, and is actuated by the t00,(HlO^yde output per second from 
one of the quarts crystals. When it is switched on, it w'iU Etart 
counting these vibrations, recording the count on five decade dials, 
reading, respectively, tenths, handredthsp thousandths, ten-^ 
thousandths, and hundred-thousandths of a second. To compare 
two qiiatts^^ clocks, a seconds signal ffom the phonic motor driven by 
the one dock is used to fitart the coont and a signal from the second 
clock to stop it. The time difference betwecA the two docks, accurate 
to ahundred-thousandth of a second, is thus obtained in a fraction of a 
eecond. As a check, the second i:'lock can be used to start the count 
and the first clock to stop it. The difference in frequency of the two 
docks b obtained by feeding tho 100,POO c* p. s. outputs from tbo two 
clocks into a comparator, so that they boat against one another, and 
timing the beats. It is possible to obtain an accuracy of one part in 
10“ in the measurement of the frequency difference. 

At Greenwich, tb© docks are used in groups of three, one phonic 
motor being provided for each group of three clocks. One of the 
clocks is selected to drive the phonic motorj but regular oompansons 
arc made between each pair of clocks in the group. Automatic beat 
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Gouiiliers record the integrated timo diflerence betiiVCiMi each pair, 
A-B, B-C, C“A, the third comparisoD providing a cheek on the 
other two. 

A further convenience of the quarta clocks is that it is not necessary 
to main tain separate mean-time and sidereal-time clocks as it is 
with pendulum clocks. By means of suitable gcamg, it is possible 
to take sidereal seconds direct from the pltonic motor which gives 
also mean timo seconds. The ratio of the mean timo second to the 
sidereal time second is 1.DC2 737 909 293. This ratio can be clMoly 
represented by a gearing of 119/114 multipied by 317/330| which is 
only 4 parts in 10* small. These sidereal second signals arc used for 
recording on the chronograph during the time determinations. When 
the rate of the clock relative to these signals has been derived it is a 
simple matter to infer its rata relative to true mean timo seconds. 
The small error in the con version from mean time to sidereal time is, 
of couiso, oliminatod. 

For short-period pred-iction quartz clocks leave little to be deairod. 
They have not os yet, however, reached the stage at w'hich long-pcHod 
prediction has the accuracy that is desirable. The difliculty arises 
from a slow drift in frequency to which they are all liable. The crystal, 
after cutting, appears to go through a slow ageing process; the drift 
in frequency is rather rapid at first, but progressively diminishes 
though it sems never to cease altogether. If for any reason the crystal 
should stop, through a tube or resistor giving out, it will not, when 
restarted, follow along its previous ageing curve; a new ageing cycle 
sets in. Any small disturbance, auch as a slight temperature change, 
can alter the frequency drift somewhat. The effect of the frequency 
drift on the error of the clock increases witli the square of tho time 
so that, even though the drift may be quite small, its effects will 
become important with lapao of time, With the present scatter in 
the actual time determinations, several months' observations arc 
ncetled to give a aulTicicnlly accurate derivation of the frequency 
drift, but there is always the uncertainty whether during this period 
some small disturhance may not have caused the rate of drift to change 
slightly. 

Xloreover there arc efstrancoua effects which can complicate the 
determination. During a period of several months, there ti'ill bo a 
wide range in the right ascensions of tho stars which are used for tho 
timo detenninations. If thero are periodic errors in the fundamental 
system of star phtces, a spurious factor will have etitered into the 
determination of tho frequency drift. The motions of tho earth's 
poles cause further coniplicatlons, Tho poles have an irregular mo¬ 
tion, which is roughly circular, hut with a variable radius. The 
extreme departures of the true polos from their mean positions are 
about 30 feet. Tho movement of the pole along the meridian causes 
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a Ysristion in latitydoj wliicb cSD be observed witli s zenith tele¬ 
scope* The movement in the peqjcndicular dkeclion cansea a di&- 
plaeemeDt of the meridian* The niotion of the pole has two main 
oomponentSi with periods of a yesr and of about 14 months respec¬ 
tively. As a copsequcnco of this motioTit it would be found that if wo 
had a perfect elock| with no rate at allj and observations which were 
entirely free from error, the clock would appear to have a ahghtly 
variable rate. This apparent variation of rate will affect the deter¬ 
mination of the frequency drift and give a ^purioua value- 

It is not possible at an observatory lo measure the component of 
the polar motion at right angles to the meridian. At Greenvdeh 
an approximate compensation for the motion is made through the 
cooperation of the Naval Ohaervatory^ Washington^ which senda 
regularly to Greenwich the observed movement of the pole along the 
meridian of Washington* If Washington were 00^ in longitude west 
of Greenwich^ the displacement along the meridian of WasliingtOD 
would also be the displacement at right angles to tlie meridian of 
Greenwich. But the longitude of Washington is only 77® west of 
Greenwich- However^ the use of the Washington latitude-variation 
data does enable the greater part of the polar-motion effect to he eJim- 
inat^nl from tlie Greenwich clock curves and it has been noticeable 
tliat the infeired performance of the clocks has thereby been improved. 

The devclopniciit of an atomic or molecular clockg in which the 
frequency of some selected atomic or molecular vibration will bo 
subdivided to give a frequency closely equal lo that of an oscillating 
quarts? oiystal and used to lock the vibrations of the crystal, is 
already foreshadow^ed by tbs work in progress at tbe National Bureau 
of Standards, Washington, in the development of an ammonia clock, 
in which the frequency of one particular mode of vibration of the 
ammonia molec^ilc is used as the control* This wrork ia os yet in its 
early stages and has uot gone bej'ond tJic point of showing that the 
control of a quarU crystal in the wAy suggested is practicable. W hen 
the clock has been developed! lo the stage at which the accurate con¬ 
trol of a preciaiou quartz clock becomes possiblo, tlie crystal will be 
prevented from drifting in frequency* The clock error curve over a 
long period of time should then be represented by a straight line. 
Departures from a straight line could be attributed to periodic errors 
in the star places, to the polar motionp or to irregularities in tbe 
rate of rotation of the earth itself. Much more accurate long-term 
prediction w^ould become possible, with a considerable gain in the 
accuracy of iimEkeeping. 

It has been well established that the length of the day is subject 
to small fluotuationa- It has loDg been known that thero are discord- 
ances betw^cen the ob&ened oud the tabular positiom of the moou 
which are not attributable to imperfections in tUo theory of the 
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molSon of the moon. In tlio development of the theory, the gravita- 
tional efTeets which hove been neglected are for too small to amount 
to anything like the discordances which are observed. In more 
recent years it has been proved that there are similar fluctuations in 
the motions of Mercury, Venus, and tho aun; but for these bodies 
tbe effects aro much smaller than for the moon because their mean 
motions are much leas rapid. It was the comparative smallness of 
the effects for these bodies which made their detection difficult. So 
there aro, in eJTect, four clocks which agree together and one clock, 
our earth, which differs from the other four. The natural conclusion 
is that it is the earth which is at fault and that the length of tha day, 
which has been adopted as the unit of time and assumed to[hcmv8i^ 
table, is actually subject to small variations. 

The changes in the length of the day are found, from tho analysis 
of the observational data, to be of two different kinds. There is a 
slow progressive increase in length, of the order of 1 millisecond in 
the length of the day in the course of a century. This progressive 
incrcaso is causeil by tidal friction, more particularly in the shallow 
sea; it acts as a brake on the earth. Though so small in amount, the 
effect on the mean longitudes of the moon and the planets increases 
with the square of the time and is laige enough to make the position 
of the moon centuries ago, if computed from its present motion in 
longitude, very considerably in error. The effect was actually first 
detected in 1679 by Halley from the early observations of eclipses. 
Superposed on the progressive Increase of length there are also irregular 
changes, the day sometimes mcreasing in length and sometimes de- 
creasing; these changes cannot bo attributed to tidal friction, because 
frictional effects can cause only a slowing down and never a speeding 
up in the earth's rotation. These changes ore due to changes in the 
earth's moment of inertia and could be accounted for quantitatively 
if tho earth expanded or contracted slightly by 4 or 5 inches. 

There is one essential difference between the two phenomena, 
A change in the moment of inertia of the earth is something that con¬ 
cerns the earth alone. The apparent displacements of all the other 
liodies are strictly propertionul to their moan motions. But tidal 
friction is something that concerns the earth and the moon jointly; 
the total angular momentum of the earth-moon system is conserved, 
hut there is interaction between the earth and the moon. Tho appar¬ 
ent displacements of Mercury, Venus, and tho sun will again be 
proportional to their mean motions but the same will not hold for 
the moon; its displacement wUl not have the same ratio to its mean 
motioa. It U this difference in the case of the moon which makes it 
possible to separate the two effects of tidal friction and of change 
of the moment of inertia of the earth. 
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Though the diaiikges in the lenglh of the day bavo been fully estab¬ 
lished by these otoervationSj the d^ita are uot sufficiently accurate U> 
decide whether the changes occur suddenly or whether they are spread 
over a few days* a few weeks, a few months, or even oyct a year or two* 
If they occur rather auddeidy, they could be detected ^"ith ease by 
quartz clocks in their present stage of development; if spread over a 
few months, the larger changes could be detected, but changes of 
smaller amount would bo likely to escape detection. Since a few 
years ago, wh^ quartz docks were adopted at Greenwich as the 
basis for the time service, a close watch has been kept for any evidence 
of a change in the earth's rotation. Once or twice small changes 
have been suspected but there has always been some factor which 
has made a definite condusion impossible—-perhaps one of the docks 
has changed ita rate or has slopped at the tnicial lime, or Ihero has 
been some uncertainty in the determination of frequency drift* The 
evidence provided by tlie observations of occul tat iocs of stars by 
tbe moon is that there has been no major change in the earth's rate 
of rotation since about 1913, There may possibly have been small 
changes, but no delinite conclusions arc as yet possible. 

It is not inconceivable that there may be small annuaL variationfi 
in the rate of rotation of the earth. There are seasonal displaccmenta 
of matter over the carth^s surface; there is, for instance, a liigh-pressure 
region over Siberia at one season of ibc year and a low-pressure region 
at another eeason, entailing the displacement of large atmospheric 
masses, with corresponding change in the moment of inertia. Such 
effects would be tangled up ^ith effects due to periodic errors in 
places and with tho effects of the polar motion. Much more likdy 
to be learned about these matters when tha atomic clock has reached 
a further stage of dovdopment, so that the frequency drift of the 
quarts crystal can bo eliminated. Obsen'ations witti photographic 
zenith telescopes should gradually smooth out any residual periodic 
errors in star places, %vhile the information they provide about the 
variation of latitude \it11 furnish basic data which can be used subse¬ 
quently to Separate polar motion effects from small variations in the 
eartb^s rotation. It may prove, however, that the earth itself ia 
rather like a penduliiiTL dock in it^ beJiavlor and that its rate of rota¬ 
tion is liable to frequent and small irregular changes, so that we can 
at present merely obser\"B their integrated effect. 

The question may arise in tho near future how the unit of time 
should be defined* Clocks arc now at a stage when their stabdUy 
for short periods is of a bi^er accuracy than the earth's rotation 
itsdf. The earth, however, has Uie advantage over any clock dmt 
it has no liability to a stoppage* iL may be possible to devdop 
atomic docks to a stage at which they can be run for sevorai years 
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without stopping and to maintain accurato time; with a hatteiry of 
such clocks, all controlled by Uie same atomic vibration, it would be 
possible to bridge over the stoppage of any single dock and thweby 
to maintain an accurate standard of time more or less indefinitely. 
There will be definite objeetions to using as the fundam^tal unit of 
time a unit that is known to bo variable, A new unit should be 
absolutely invariable. A dock based fundamentally upon a length 
which is controlled by an atomic wave length, and upon the vdocity 
of light, for instance, seems theoretically ideal. 

Note added in proof,— Since the lecture was delivered, investi¬ 
gations at the Greenwicb Observatory have established the existence 
of a fairly regular annual variation in the rate of rotation of the 
earth. Rdative to uniform time the earth gets behind by about 60 
milliseconds In May-June and ahead by a similar amount in Novem¬ 
ber. The corresponding variations in the length of tho day amount 
to somcahat more than 1 tnilli aecond a day on either side of the 
mean value. H, S. J. 



THE ELEMENTARY PARTICLES OF PHYSICS» 


Bt Caql D< Akdihibos 
C<difomia IntiUuie a/ TwApio/tWp Fasad^na 


TLe idea of demontary particles of matter, of small, disercto, in¬ 
divisible particles out of which all matter in the imiverso is consti¬ 
tuted, is aa old as recorded history. The Greeks in their philosophical 
speculations discussed at length the question of the ultimate nature of 
matter. They realized that there wore only two posaiblB choices open 
to them; either matter must he thought capable of being divided into 
smaller and smaller units without end, or else it must consist of small 
units which are themselves whoUy indivisible. Many of tho Greek 
philosophers experienced a philosophical dllTiculty in tiying to conceive 
of infimte dividbility, whereas others found it equally difficult to (hink 
of a particle as being truly indivisible. The difficulty is closely akin to 
that which one experiences when contemplaiuig the Iimita of the uni¬ 
verse, and trying to decide in his own mind whether it plco^ him 
more to think of the universe as unbounded and extending to infimty, 
or to imagine a finite universe with definite bounds beyond which there 
is nothing, not even space. The idea of the existence of indiviBible ma¬ 
terial particles, however, seems to have had more appeal to the Greeks, 
and the atomic hypothesis was expounded and developed in the fifth 
century B. C., chiefly by Thales, Leucippus, and his distinguUhod 
pupil, Democritus, until in many respects it resembled tho views which 
are tcM today* 

The views of Democritus were prominent for 600 years but began 
to wane after the beginning of the Christian Era aod by about A.D. 
200 had almost wholly disappeared from European philosophical 
thought. The idea of material atoms did not really appear again in 
Europe until about the middle of tho seventeenth centu^, a time 
marking tho beginning of the great era of Ecientific experimentation 
which has continued with an ever increasing tempo up to the prraent. 

During this period, through scientific research based on eixp^imen- 
tatlon, the atomic theory of matter slowly developed. Highlights in 
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this development i^ere tLo Laws of Cliemical Proportion as discovered 
and onimciatcd by Dalton near the begi^QE of ninetcentli cen¬ 
tury, and later the Bucceasea of the Kinetic Theory of Gases. By the 
begiming of the twentieth century, the concept of the ^eimcal atom 
had received general acceptance as a theory based on scientific experi- 
mentation. The idea of atoms had thus been removed from the realm 
of philosophical speculalion and had bcoomo a proved sciontific fact. 
According to this picture all matter depeuding upon ite nature con^ts 
of a rnkture of varying numhera of the ninety-odd different chcnucal 
atoms. The siac and the mass and other properties of most of the 
chemical atoms had been determined although not with great pred- 
sion. 

DISCOVEItY OF FIRST E!,EMENTARY PARTICLES 

During the time when the chemical atom was bemg firmly estab¬ 
lished as a scientific fact, other scientific invcsUgalions were succeed¬ 
ing in proving the esistenca of at least one particle of matter which 
was more elementary in character than the chemical atoms. In the 
decade from 1S90 to 1000 the discovery of X-raya and radioactivity, 
and studies of the phenomena associated with the discharge of elec¬ 
tricity through gases, soon proved the existence of the eketron and 
showed that the atoms of chemistry must all be considered as complex 
structures, structures which are themselves built up of particles of a 
more elementary character. 

The electron was distiugnished from the other particles previously 
studied by physicists and chemists in one very important respect. It 
was established as a unique particlo in the sense that all electrons 
were found to be identical with one another, no matter from what form 
of matter they were derived. For the first time then the presence of 
a particle truly dementary in character was revealed to sdence. It 
was found always to carry a negativo electric charge and to have a 
imiBH about 2,000 times less than the hydrogen atom, the simplest 
and least massive of all the chemical atoms. The electron immedi- 
atdy took its place na one of the elementary par tides common to all 
forms of matter. 

The following 30 years, from 1900 to 1930, were extremely fruitful 
in furthering our knowledge of the properties of the chemical atoms. 
The work of Moseley showed that chemical atoms were membeis of 
a family, all of them bciog related to one another in a perfectly definite 
and simple way. In 1011 the experimental genius of Kutherford in 
Cambridge, England, proved tbe existence of the atomic nucleus, and 
in 1919 he succeeded for the first time in producing an atom of oxygon 
from tho disruption of the nucleus of an atom of nitrogen. Thus in 
1919 the will of man for tho first time was able to cause the disinto- 
gration of an ordinarily stable dement, with the accompanying rdease 
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of nuclear energy. These and olher investiga lions all combined to 
prove that the proton, the nucleus of the aimplest of nil the chemical 
atoms, hydrogen, is a constituent of all other chemical atoms, and 
hence is in fact one of the elementary particles of matter. 

In 1030, Ihon, the pb3fslci3t had at Ids disposal two elementary ma¬ 
terial particles, the electron and the protron, in terms of which to try 
to vmderstand the Btructure of all matter. In this undertaking the 
physicist realized many great Buccoaaes, but in many inatanccs hia 
efforts resulted in sharp failures. Apparently the world was not to 
be understood in terms as aunple as these. 

In general the pbjTsidsl was successful in understanding those phe¬ 
nomena which we may classify, for want of a better term, as e.\tra- 
nuclear phenomena, and he was unsuccessful in understandiiig those 
phenomena which we may classify as nuclear phenomena. By extra- 
nudear phenomena we mean those processes in which the electrons 
which form the outer ahelJs of the atom are the active participating 
agents; in this type of phenomena the central core of the atom, or the 
nucleus, is present but remains undisturbed and does not participate 
actively. Kuclear phenomena, on the other hand, are those in which 
the nucleus is the active participant. 

Extranudear phenomena and nudear phenomena have a great 
many distinguiahing cbaxacteristics. One of the most iotercsti^ and 
important of these distinguishing characlerUties is concerned with the 
level of energies involved. Extranudear phenomena involve very low 
energies os compared with nuclear phenomena. The physicist uses the 
term electron, volt as a measure of energ 3 '. The energies of extranudear 
phenomena are found usually to range from a fraction of one dectron 
volt to several electron volts, whereas nuclear phenomena are found 
usually to correspond to several millions of electron volts. 

In our environment almost every phenomenon in nature represents 
an o.xtranudcar phenomenon: for example, the burning of coal, the 
grow th of plants, the generation of doctric power by conventional 
means, the fermentation of wine, the explosion of dynamite, and others 
in uncountable numbers. Nudear phenomena are not so common¬ 
place, but a few examples may bo tiientioned: for examplD, the gen¬ 
eration of the sun’s heat, the decay of radium, the manufacture of plu¬ 
tonium, the absorption of cosmic rays in the earth's atmosphere, the 
explosion of an atom bomb. 

The concept of energy has been introduced here because of the great 
importance that tiiia concept haa in the discussion of any physical phe¬ 
nomenon. I have staled that extranuclear phenomena represeut low- 
energy phenomena and nudear phenomena represent high-energy 
phenomena. To be more accurate I should have said that in extra- 
nudear phenomona we find low concentnaions of energy; that is, the 
energy changes that one associates with a single elementary particle 
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are low La cxUanucloor phenomena sad high La the case of nuclear 
phenomena. Moreover, physicists for the past sgygi^I years have been 
studying certain phenomena which represent energy ooucontrationB 
many thonsand® of tunes greater than those represented even by 
tiudear phenomena. This range of eaergiea has been called the 
of hdicrawly high enerpes. So far the only opportunity the physicist 
has had to study phenomena in the range of ludicrously high energies 
is in conneotion with observations associated with cosmic rays, and we 
shall see in a moment that important knowledge of the elementary 
particles of matter has come from studies of phenomena in the range 
of ludicrously high energies. 

As stated previously, by 1930 two elementary particles of matter 
were known to the physicist, the electron w'hich always oocurred with 
a negative electric charge and the proton which always occurred with 
a positive charge. WTicn considered in a manner consistent with the 
theoretical concepts as tliey had been developed up to that time in 
terms of the quantum mechanics, the negative electron and the positive 
proton served quite successfully as building blocks in terms of which 
to understand the structure of atoms so far as the estranudear phe¬ 
nomena were concerned. But when attempts were made to picture the 
structure of the nuclei of the various chemical atoms, or to understand 
nudesr phenomena, the attempts usually ended in failure. 

Then suddenly in 1932 tivo new elementEuy particles were dis¬ 
covered; the netdron end the positive electron, or poiitron. The known 
elementary particles were therefore doubled in number, increasing from 
two to four, and providing the physicist with more material with which 
to work- 

The discovery of the neutron, which came as a result of experimenta 
performed in Germany, in France, and in England, was immediately 
welcomed, for now neutrons together with protons could servo as the 
building stones for the various types of atomic nuclei. One vory grave 
and fundamental problem which formerly had been present was now 
removed immodialely, for it was no longer necessary to assume the 
existence of electrons inside the nucleus, a concept which always had 
been accompanied by serious theoretical difficulties. 

The discovery of the positive electron, or positron, came during a 
series of experiments being performed for the purpose of measuring 
the encigies of the particles produced by cosmic rays. The discovery 
of the poaitron was an unexpected discovery. This statement is true 
even though, about 2 years before, a British physicist, Dirac, had an¬ 
nounced a new theory which actually predicted the existence of posi¬ 
trons. This new feature of physical theory was not welcomed by 
physicists, however; it was on the contrary considered to bo an un¬ 
fortunate defect in the theory, and many attempts, by Dirac himself 
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and otheiB, wfti*e made to iciiiotb it, althoiigli all woro unsuccessful. 
If even one physicist in the world had Iftkcn tho thdOfy of Direc 
seriously, he would have had an admirable guide leading directly to 
the discovery of the positron. Had this liappened, the positron 
would almost certainly have been discovered by 1930 rather than in 
1932. However, after the positron was shown actually to aiist, then 
it was a very short lime indeed until many of its properties were 
understood in terms of the Dirac theory. 

ELEMENTARY PARTICLES AND RADIATION 

The discovery of the positron represented tlic first Instance in which 
it was recognised that an eleineiitaiy particle of matter may have only 
a transitory existence. lu ordinary matter, for osamplc, the average 
life span of n positron is only a few billionths of a second, for when 
a positron and a negative electron come close to one another they 
mutually annihilate one another—the two particles clisappear and In 
their place one finds only radiation. The whole of the material sub¬ 
stance constituting the particles is spontaneously transformed into 
radiant energy, Measurements show that this process is quantita¬ 
tively in accord with the now famous Einstein equation E—mi^, which 
relates mass and energy. The process which is the inverse of the 
annihilation of material particles also occurs, namely, the production 
of particles out of radiation. If radiation of sufScicntly high energy 
is passed through matter, electrons and positrons are generated. In 
this process tho material substance of the two particles is actually 
created out of the energy represented by the radiation, and again in 

conformity with tho Einstein ^nation J?=ntc*. 

In the light of these happenings ono must change basically his con¬ 
cept of the elementary particles of matter; these particles are no longer 
to be thought of as permanent objects whieli always preserve their 
identity, and which sen'C only ns Injilding blocks of matter by joining 
together in groups to form the more complex chemical atoms. One 
must rocognisfi instead the possibility of t!io creatioti of material 
particles out of radiation, and the annihUalion of material particles 
through the production of radiation. Such a possibility as 
course, was completely inconceivable to the Greeks in their long 
philosophical discussion on tho indivisibility of matter versus tho 
divisibility of matlor. 

A further step toward a realization of the great complexity inherent 
in tho relationships among the elemeiUAry particles of matter came in 
1935 with the discovery of the poiririi* and negaiice oitsotrons, or 
positive and negative mestms as they are now often called. This dis¬ 
covery w'os also made in investigations of the lugh^nergy phenomena 
occurring when cosmic rays are absorbed in their passage through 

matter. 
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The mesotron h a particle some 200 times as massiye as an elcctronj 
and therefore about onententh as massive as either a proton or neutron. 
It occurs with both positive and negative electrio charge. The dis¬ 
covery of the mesotron did not come quickly and accidentally as was 
the case with the positron and the neutron. It came only after the 
completion of a suBtained series of observations^ covering a period of 
4 ycarSi which were designed to remove certain inconaistcncies always 
present when we attempted to understand certain ^cosmic-ray phe¬ 
nomena in terms of the elementary particles then known. These 
mconsiBtcncies were removed in terms of the existence of the mesotronj 
whose discovery was publicly announced in 1936* 

Unlike the neutron^ the meflotron was not a particle to be imme¬ 
diately welcomed by the phy^cist. The physicist mak<^ hia advances 
by simphfying liis undciatanding of nature^ hence, a physical world 
which could be esplaincd in terms of only one or two distinct clennen- 
tary particles would be most to his liking. The discovery of the 
mcsotfoii did not introduce a simplification; rather it compiicated the 
Situation for it increased the number of material elementary particles 
from four to six. Apparent]v the Creator does not favor a world of 
too great ahuplieity. 

Before the discovery of tho mesotron a Japanese phyBicistj Tukawaj 
had postulated on theoretical grounds the possible existence of parti¬ 
cles of a inosa intcrmodlato between a proton and an eluctron* His 
theorji Iioweverp was not genorally known to physicists at that tinier 
and did not have any part at all in the discovery of the mesotron. 
Had thiB theory been generally known it is stUl doubtful if it would 
have affected the course of cosnuoray research ^ sincCp unlike tho 
Dirac theory of the positron, it would not have served as so useful a 
guide in pointing out the most fruitful directions for the research to 
follow. 

Like tho positron the mesotron has a very short life expectancy. 
In free spacOp both positive and negative mesotrons have a normal life 
span of just over two-millionths of a second, after which time they 
spontaneously disintegrate. Very recent observations have shown 
that in all probability the spontaneous disintegration of a mesotron 
results m the simultaneouB production of an electron and twoneu/rint^* 
Neutrinos are the mteresting elementary particles which had pre¬ 
viously been invented in order to balance energy and momentum in 
the process in whicb an eloctroii ia produced when a radioactive nucleus 
decays. A similar situation exists in the case of the decay of a 
mesotron except that here, because the mesotron disappears entirely, 
it is necessary to postulate the emiasion of Iwq neutrinos in order to 
balance energy and momentum. 

In free space mesotrons spontanoously decay after ahoiit two- 
millionths of a second* In the presence of matterj a mesotron of 
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negative charge may tormmate ita exUtenoo in an even aliorter timo. 
It does this by entering an alomic nucleus or, in the language of the 
physicist, by undergoing nuclear capture. 

The mesotrons observed in ooamic rays are produced by the very 
high energy particles of the primary cosmic-ray beatn as it comea into 
the earth from outer space and plunges through the earth*s atmos¬ 
phere. In a manner somewhat analogous to the creation of positrons 
and electrons, the mesotrons are hom out of the tremendous energies 
carried by the primary cosmic-ray beam. 

There are many mtereating phenomena involved in the birth and 
death of mesotrons and in the violent nuclear processes which accom¬ 
pany these phenomena, but it wdl not be possible to discuss them here. 
However, I should like to mention in this coimection two important 
advances which have been made within the last 2 years. 

RECENT ADVANCES IN NUCLEAR RESEARCH 

One of these is the W'ork under way in Bristol, England, by Powell 
and his coworkers, which has consisted of a detailed analysis of the 
tracks produced by mesotrons in tho emulsions of photographic plates. 
These investigators have discovered a mesotron of a new type which is 
heavier than the ordinary mesotron. It is about 285 times as massive 
03 an electron, whereas the ordinaiy mesotron is about 215 times as 
heavy. The heavy mesotron has only a veiy sJiort life; it lives only 
obout one one-hundredth os long as the light mesotron, after which 
time It (Usmtegrates and produces a light-weight mesotron and another 
particlewhichisprobablya neutrino. Thent^rivcly charged heavy¬ 
weight mesotron may also directly eater on atomic nucleus and give 
rise to a violent nuclear disruption. 

Although both the newly discovered heavy mesotrons and tho light 
mesotrons discovered in J936 have some properties in common c. g., 
both types of particles occur with positive and negative charges, bo^ 
have short Uvea, and both are found in cosmic rays—nevertheless in 
some very fundamental respects they arc entirely different types of 
elementary particles, Tho heavy mesotron interacts very strongly 
with atomic nuclei, but the light mesotron interacts only very weakly 
with atomic nudei. Another differetiee lies in the respective values of 
that important property known as the spin or angular momentum; 
recent researches indicate that the heavy mesotron has an integral 
spin, whereas the light mesotron Los n half-integral spin. 

In all probability it is tho heavy mesotron and not the light mesotron 
which is to be identified w'ith tho particle first postulated on theoretical 
grounds by Yukawa in 1934. The theory of Yukaw-a even in its pres¬ 
ent state today is very primitive. However, this dicory stUl provides 
the best basic concept in terms of which to understand processes in¬ 
volving mesotrons, and after further development in tho future the 
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Yukawa theory may possibly provido an und^srstanding in terms ol 
mesotron exchange forces of that albimportant probleni as to the 
nature of the forces acting between the particles inside a nucleus. So 
fair no saliafaeto^ theory has been developed in terms of which to 
understand many of even the simplest phenomena involving the 
nucleus. To acquire a quantitative understanding of the interactions 
of the eiementary particles of matter and of tlie fundamental nuclear 
processes is one of the great tasks of theoretical physics tod ay* 

To complete our list of elementary particles we should also include 
the photon. This particle, together with the neutrino as noted above, 
bj however, in a somewhat different category from the other types 
of partidc^H The photon b not a material particle^ in the sense that 
it cannot bo identified with any particle which can exbt at rest and 
have a^jsociated with it a finite amount of ponderable maierial sub- 
etance^ Photons are to be identified only with radiation or radiant 
enciigy. The neutrino must also be placed iu a special category^ since 
it cannot have associated with it an appreciable amount of ponderable 
material substance if any at all^ and since it has never been directly 
observed. 

In alJj then, the physicist at the present lime recognbes at least 10 
distinct elementary particles of matter^ WheOier thb Irst is complete 
or not no one can say with certainty. The indications are that the 
list is not complete, for evidence scc:ms to bo rapidly accumulariiig for 
the existence of at least one additional elementary particle. This 
partidc is found in cosmic rays and appears to have a mass some 1^000 
times the mass of tho electron. But what its properties are and how 
it is rdated to the light and heavy mesotrons and to the other elemeu- 
tary partidea of matter b a subject which must await the reatilis of 
further observations* 

The thought of probable further additions to tlxe list of elementary 
particles of matter su^ests a question which is quite apart from 
physics and has to do simply with iho naming of new particles. Wo 
have here actually an inLcrcsting example of the great dlMculties that 
physicists sometimes have merely in assigiiing labels or names to the 
various coucepla which their experience or their theories have brought 
forth. It is usually necessary to choose some sort of name for these 
concaplSj wdicther they be elementary par tides of matter or something 
else, at a time before all tho facts regarding them ero known. In 1937 
the term mesotron w^os suggested to designate tho new par tide of 
intermedi a to mass tliecovcrcd in tho cosmic rays lu 19311. Since then 
this term ho^s often been contracted to meson and has been eo em¬ 
ployed. Since the discovery of the new particle whoso mass is greater 
than the mass of tho original cosmic-ray mesotron, the term mesotron 
or m eson has been employed to designate both types of par tides and 
the Greckdetter prefixes t and ;i used to dilTerentiato between them. 
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Thus tlic tenn T-rne60lrm or r-meson designates the heavier particle 
and or designates the U^ter particle. This 

nomenclature seemed satisfactory for a time until continued experi¬ 
mentation began to show more and more dearly the important basic 
differences between the two types of particles. It is beginning to be 
quite apparent now that the properties of these two tyj>es of partides 
are such that they v>i]l not naturally faD into the same classification. 
Thus the use of a common generic term, such as mesotron or meson, 
to designate both these types of par tides may in tlie future prove to 
he quite inoonvenient and illogical. Just what should be done with 
respect to nomenclature at this time is not dear, but it is a matter 
which should reedve very serious eonsidaration, espodaUy in view 
of the apparent entry of stiff another new elementary particle into 
the fold. 

Another important advance that I want to mention is the recent 
success in producing mesotrons in the large cyclotron on tho Univeraity 
of California campus at Berkeley. This represents the first time that 
it has been possible by artificid or laboratory motiioda to imbue a 
single particle of matter mth an energy sufficiently high to make pos¬ 
sible the creation of mesotrons. This tbey have succeeded in doing 
in Berkeley with their beam of o-partldes, or helium nuclei, which 
have been accelerated to an energy of 400 million dec iron volts. 
They obsQTi'ed the production of both the heavy and light mesotrotLs, 
and all indications are that the mesotrons thus produced are identical 
with those previously observed among the particles produced by 
the cosmic rays. 

Ifow in the design stage arc other partide-acceleratlng maebinea 
which will yield particle energiea several limes the 400 million electron 
volte BO far achieved in the Berkeley cycloiroti. When these machines 
are in operation, working at energiijs up to 6 or 7 billion dectron volts, 
we can expect to learn much more about mesotrons and the other de- 
men tary partidffl of matter. Moreover, we must expect that a con¬ 
tinuation of research in cosmic rays will also extend our knowledge 
in this field, since iu the cosmic rays partides are available for study 
whose energies are even 10 to 100,000 times greater than those to be 
expected from any of the accderatoiB that are being planned. 

In conclusion I should like to indicate the possible aignificanco of 
these new discoveries to science and to the world at large. 

In <hia discussion I have dassifiod physical phenomena, according 
to the energy associated with thcan, into three categories: (1) low- 
energy or estranudear phenomena, (2) higU-cnergy or ^nuclear phe¬ 
nomena, and (3) extremely high-energy or whet w'e might call, for 
want of a better name, elemeniary-particic phenomena. Knowledge 
of the first of these, low-energy or estranudear phenomena, has already 
profoundly affeeud the life of nearly every human being on earth. 
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The iiidufltrlal revolutionj our meclianked civilization, the shrink¬ 
ing of the w^orld through advances in coniiniiDication and transports' 
tion have all came as a direct application of our knowledge of low- 
energy or &ttranuc1ear phetiotnena. indirectly it hm been responsible 
for the political and economic organization of the wholo earth. Oiir 
present age might well be classified as an extranuclear age. 

Since the explosion of the atomic bomb^ and the achievement of the 
release of nuclear energy on a large scales it seems rather clear that 
we are now entering a new period in which nuclear phenomena are 
destined to have an important part in shaping iho world* at least 
pohtically if not economically* in the very near future. Just how 
great will he the influence on the world of our knowledge of nudear 
pbenomeua no one can say. 

It is only 50 years since our dircci knowledge of the electron wos 
not much more than a faint green glow in a glass tube—and novr no 
one would deny that our knowledge of the properties of the electron 
has had an effect of profound importance in shaping our civilization. 
It is also only about 50 years since the world's knowledge of ituclear 
phenomena conaiated of nothing more than the thoughts passing 
through the mind of Bccquercl as he pondered a darkened area an a 
phatograpbic plate. At present our knowledge of all these fields is 
incomplete* but particularly is this true of nuclear phenomena* and 
most particularly true of high^nergy phenomena or the phenomena 
of the elementary particles. 

So far, the world's knowledge of the phenomena of high energies 
or the intemetions between the elementary parLicli^ is represented by 
nothing more than a few printed pages in the scientific journals, by 
discussions among physicLsis* or perhaps by an occasional lecture. 
But we can look fonvord with anticipation and even excitement to 
tbe new discoveries which are surely to come as studies are carried 
forward of elementary particles and very high-energy processes. New 
phenomena of great beauty, extreme complexity, and novel tv are 
certain to be revealed and finally to be understood. WTiether our 
knowledge of these new phenomena will then exert a great or a small 
influence on the world as a whole no one can eay, I believe it would 
be most unwise* however* in the light of the history of ecienlifie 
development* to expect this influence to be small. 
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By W^ii^DELiL M- BtakiiEt 
PrQjwor of BuKh€miUry and DireoiQr of (he Virui 

of CaUfornia 


’VTmaea are small Infectious agoBts tlmt can cause disease in maUj 
other animals, plants and bacteria. They range in sisse from about 
10 mjij a size alightly smaller than that of certain protein molecules, in 
an almost continuous spectrum of eistca up to about 300 mfi, a 
slightly larger than that of certain aecfepied living oiganlsms. A given 
virus can multiply and causa disease only when within the colls of 
certain specidc living organisms. No virufi has been found to repro¬ 
duce in the absence of hving celb. During multiplication viruses 
occasionally change or mutato to form a now strain which in turn 
causes a new disease. Viruses were not discovered until 1802 when. 
Iwanowski dcraonstratod that the causative agent of the mosaic diseaso 
of tobacco would pass through a Altar that retained all known living 
organisms. Six years later Baijerinck proved that this agent was 
not an ordinary living organism and recognized it os a new typo of 
Infectious disease-producing ageut—namely, a virus. The same 
year Loeffler and Frosch demonstrated that foot^ond-ruouth disease 
of cattle was caused by a virus. Tho discovery of the first virus 
disease of man, that of yellow fever, was made in 1001 by Reed and 
coworkers. 

Since the original discovery of the infectious, diaease-produemg 
agent known as tobacco mosaic virus, well over 300 different vtrusMi 
capable of enuring disease in man, animals, and plants have been 
discovered. Among the virus-mduced diseases of man are smallpox, 
yellow fever, dcDgue fever, poliomyelitis, certain types of encephalitis, 
measles, mumps, influenza, virus pneumonia, and the common coJd, 
Virus diseases of animals include bog cholera, cattle plague, fooirfmd- 
mouth disease of cattle, swamp fever of horses, equine encephalitis, 
rabies, fowl pox, Newcastlo disease of chickens, fowl paralysis, and 
certain benignaswellas malignant tumors of rabbits and mice. Plan t 
virus diseases include tobacco mosaic, peach yellows, aster yellows, 

I Taft prtSMtrf at ll» Mtdal l5»f Meeting U The FnalUItt tmtlUUa, October 9 , IMS. Beprtuted 
bj- ptfliiaakHi Oom Joumal o( Iba FmakUn InalJttJtif. cot iHS, No. d, OeouDber IMS. 


213 





214 ANTfTTAL REPORT SMITHSONIAN mSTlTDTlON, i&lB 

potato yellow dwarf, alfalfa mosaic, curly top of sugar beets, tomato 
spotted wilt, tomato bushy stunt, corn mosaic, cucumber mosaic, and 
sugarcane yellow stripe. Bacteriophages, which are agents capable 
of causing the lysis of bacteria, are now regarded as viruses. 

The viruses have been separated as a special group of infectious, 
diseAsc-produoing agents by means of several general properties, no 
one of which is, however, esoluaively chaiactcristic of viruses, Never- 
thelsss, no great amount of difficulty Las boeu encountered la the 
s^egation of the virus group. Viruses are characteristed by their 
small size, by their ability to reprculuce or multiply when within the 
living cells of a given host, by their ability to change or mutate during 
multiplication, and by tleir inability to reproduce or grow on artificial 
media or in the absence of specific living cells. 7'he solo moatis of 
recognizing die existence of a virus is provided hy the multiplication 
of the virus which is, of course, usually accompanied by manifeeta* 
dons of disease. Viruses spread from diseased to normal auaceptibia 
boats by difForent metheds. Some are transferred by direct contact, 
os when a diseased leaf is caused to rub against a healthy leaf by a 
gust of wind, or when a normal person or orilmal comes into direct 
contact with a diseased person or animal. Such viruses cau usually 
be spread by indirect contact through the medium of nonspecific 
animate or inanimate objects. Some viruses cannot be transferred 
by direct contact, but require on intormedlatc host such as a mosquito, 
louse, or leaf hopper. In some cases a highly specific intermediate 
host is rjccessaty, and a more or less definite period of incubation 
within this host may be required before the vims can bo transmitted. 

Because properties such as reproduction and mutation have long 
been considered characteristic of living entities, viruses were, for 
many years, regarded os living organisms somewhat Bmallcr than 
ordinary bacteria. However, die isolation in 1036 of tobacco mosaic 
virus in the fomi of a ctystiiilme nuolcoprotein of unusually high 
molecular w'cJght and the subsecjuent isolation of still other viruses 
in the form of high molecular weight iiucleoproterns, some of which 
were aUo crystidlizablei oast doubt upon the validity of classifying ftU 
viruses as organisms. With the exception of virus activity, tlio 
properties of some of the smaller viruses are quite similar to the 
properties of ordinary protain molecules, whereas at the other oxtramo 
with rcapwt to size, the properties of the virtises are more nearly like 
those of accepted living organisms. The viruses, therefore, serve as a 
bridge between the molecules of the chemist and the or^uisms of 
die bacteriologist, and provide us with netv reasons for considering 
that life, as we know it, owes its ffidstcnce to structure, to a spoolfie 
state of matter, and that the vital phenomenon does not occur spon¬ 
taneously, but ia poasosaed in vatying degrecss by all matter. It ta 
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obvious tliflt a ahurp line dividing living from nonliving tliiuga can¬ 
not bo drawn and this fact serves to add fuel for tlbcusaiou of the 
age-old quastioa '^Wliat is life?'' 

Attempts to loam something about the naturo of viruses through 
studies on tlieir general properties began with Brijetinok'& work in 
iS9S and wure continued iu different laboratories for over 30 jears 
without too much suceesRp Althougli Beijeritick and Allard made 
important coolributionaj perhaps the most aigiullcant work was that 
of Vinson aiid Petre during the years froui 1927 to 1931 when lliey 
showed that tobacco mosaic virus could be subjected to several kinds 
of chemical manipulatiDiis without loaa of vims activity. Never- 
thelessj in 1932 the true nature of virusca was a coiaplcto mystery. It 
was not known whether tiiay were inoiganic, carbohydrate^ hydro¬ 
carbon^ iipid, protein, or nrgauismal in nature. It becainc ncccasaiy, 
therefore^ to conduct expe rim cuts wbieb would yield mformaiion of 
a definite naiurn. Tobacco mosaic virus was selected for til esc initial 
esperimeuts because it appeared to provide several unusual ad¬ 
vantages. Largo onioujits of highly infectious starting maienol 
were readily dvaUablo and the virus was known to be unusually 
stable. Furtbormore, si was possible to titrate or measure the amount 
of this virus in a prcpanition with ease and rapidity and with groat 
accunicy. Dtiring the course of a wide variety of early ejcploratoiy 
avperiments, it was found tlist the eiiKyme pepsiu inactivated tobacco 
moaoic viriia only under conditions under which pepsin is active os a 
proteolytic agent. It was concludf^J that tobacco mosaic vims was 
a protein or very closely associated with a protein which could be 
hydrolyzed by pepsin- With this as a lead, efforts were made to 
couceutrato and purify tobacco mosaic virus by means of the methoda 
previously employed in work with proteins. Soon, by means of a 
combination of procedures involvirig saltlug-out^ isoelectrie piecipita- 
tioQ and adsorption on and elution from an Inert material, a crystal- 
Hno material was obtained which poasosaed the properties of iobocoo 
mosaic virus. This ciystalliuo material was found to be a nudoo- 
protein with rod-sbaped molecules or particles about2S0 by 15mM in size 
and with s molecular weight of about 40,000,000. Early akepticism 
that a virus could exist in ibo form of a crystallkable nudeoprotein 
bos largely disappeared, chiefly because tbc rc^ulbs of a vast omouiit 
of experimental work have indicated that the virus activity b a 
specific property of the rod-sbaped nucleoprotoin. 

Tobacco mosaic vims exists m the form of many strains which 
appear to have arisen by a process similar to that of mutation ia 
higher organisina. Several of these eirains havo bceu obtained in 
purified form by means of dUIerenUal centrifugation. Purified prep¬ 
arations obtained from plan La dkeasod witli different sUaim of 
-la 
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tobacco mosaic virus wer® found to possess properties quite similar to, 
yat in ©very caaa distinctive from, tiiose of purified preparations of the 
ordinary strain. Spectacular progress has been mad© in tho cstabliab- 
mont of the nature of the chemical changes which accompany the 
mutation of tobacco mosaic vima. The amino acid composition of 
purified prepamtiona of eight a trams of tobacco mosaic tjtub and of 
two types of influenza virus has been determined. The results ob¬ 
tained with the strains of tobacco mosaic virus indicate that the 
mutation of a virus eon be accompanied by the elimination of one or 
more amino acids from the virus structure, fiy the introduedon of one 
or more new amino acids into the vims structure, or bj a cbongo m e 
concentration of one or more amino acids present in the virus atmeturo. 
This v'ork has great significance for it has provided tlio first informa- 
tioii regarding the nature of the structui'al changes which accompany 
mutation. Extension of this vrork may reveal the exact nature of the 
chemical differences between virulent and avjrulent virus strains, and 
provide important information rcgorduig the mutation process in 
higher otganisms, 

AttempU have been made to change the structure of tobacco mosaic 
virus by means of known chamkal reactions in rifro m on effort to se¬ 
cure chemically modified active virus. Altiiough several types of chem¬ 
ical derivatives of this vims were produced and were found to possess 
full virus activity, tho inoculation of such virus derivatives to normal 
Turidsb tobacco plants always resulted in tho production of ordinary 
tobacco mosaic virus. The results indicated that tho chemical deriva¬ 
tives were converted to ortimary virus following their introduction into 
the cells of the plant, or, more prol>ably, that the infecting molecules 
may not necessarily function as exact patterns for reproduction. De¬ 
spite these rijsulta it still appears that it may bo possible to make 
changes in rifro similar to tlioso which occur in nature, and thus Bocuro 
a heritable chemical modification* Obviously this is a field in which 
important new results can bo anticipated. 

Following the isolation of tobacco mosaic virus in the form of a 
ciyaUlline nucleoprotoiii having individual raolGCulra or particles about 
15 by 280 m;i in size, studies were undertaken in several laboratories to 
dcUmune if other viruses could be obtained in purified form, mainly by 
techniques involving high-speed centrifugation. Some of these puri¬ 
fied viruses are crystallizable nuclcoprotrins liaviog either rodliko or 
spherical particles. Some arc nucleoprotetus w-hich have, as yet, not 
been crystallized. Others are large particles consistiug of nucleo- 
protein, lipid, and carbohydrate, and possessing, in some cases, a 
degree of morphological differecliation which resembles that of organ¬ 
isms. Still other viruses have, as yet, defied isolation and purification, 
possibly, in some coses, because of extreme instability. The viruses 
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whicb hATfl been piiriaed posaesa varied shapes and form an almoBt 
centmuons spectrum of aizes. The smaller rod or sphcncaUy slmpiHi 
viruses appear to bo simple nucleoproterns, some of wIiadU bo 
obtained b ciysinUiiio form. These appear to have chemical and 
physical properties which, neglecting virus activity, would tend to 
place them in the molecular world. Tlie larger viruses have a com¬ 
position and properties which are characteristic, not of molecules, but 
of organisms. The viruses have certainly provided a link between the 
molecules of the chemist and the organisms of tbo biologist. Jet 
there is no place at which a lino can be drawn dividing the molecules 

from the orgnnisms. . 

The viruses appeor to form a continuous senes with rfflpect to 
structure, ranging from the smaUcr virusK, which are simple nucleo- 
proteius with many properties similar to those of o^mary molecules, 
on through viruses with a gradually incieasing complesity of structure, 
to the larger v-iruses, wbicli, with respect to structure and properties, 
are similar in many respects to organisms. However, it must be re¬ 
membered that the properties of only a relatively few purified virusca 
have been determined. In view of the possibUity that these represent 
the more stable and more easily purified vir^cs, one cannot be certam 
that a true picture of the chemical and physical properUcs of virusM as 
a whole has been obtained as yet. Information regarding the m«le o 
reproduction of viruses is nocilcd most urgently. At present it is not 
known whotber viruses reproduce by fission or by means of some new 
process. The solution of this puzzle would certainly represent a rnost 
important and significant advance, for the basic reactions eharnc(er¬ 
istic of virus reproduction may well represent tlie fundamental process 
which characterizes all living thiogs. 
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GROUND-WATER INVESTIGATIONS IN THE 
UNITED STATES" 


A. N. Satre 

in CAap'j'Cj Gr&und Branch 

IFo/ffr Jtflfffluri'M XhnttO'n, U* 8r Occtcgirai Surp*u 


Berofo discussing ground-water in%^cstigatioii5 in the United Slataa 
1 should like to outline briefly the broad problems of water Bupplyp 
water control, and conservation^ in the solution of which ground- 
water inwostigationH play an import an I part . 

For more osiatenoe^ o man require only about 3 quarts of water 
per day. However^ even in simple pastoral or agricultunal sottingSp 
the biological necessity represente only a part of the total needs for 
water, and in our oivn complex industrial and agricullural economy 
great quantities of water are needed for a multitude of purposes. 
Water is needed for sanitation, lor washii^ clotht^, for facilitating 
sewage disposal for scrubbing floors, and for processing foods, It^ is 
needed for fire protection, for generating power, and for indiistnal 
processes, for itrigation, for air conditioningt and even for producing 
atomic energy. The task of providing water at the right tunc and 
place is a serious problem which fully occupies the attention of 
thousands of engineers and chemists and a smaller rnimber of geolo¬ 
gists. Intimately associated with Ibe water-supply problem is the 
problem of controlling floods to minimise the erosion of our soils and to 
conservo flood^rator for beneficial u^cs. For obvious reasons, many 
of our agricultumb industrial, and urban developmcnla havo taken 
place along waterways where they are vulnerable to the ravages 
of floods which appear to become more costly almost year by year. 
Thero is good reason to believe that the demand for water supply will 
continue to increase and that the demand for control and innervation 
of flood^vaters will eJso increase. Projects for accomplishing thc^ 
CDda will become more expensive and their plannijag and design w^ 
require greater knowledge of our water resources and of the asic 
geologic and hydrologic factors affecting them. 
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Especially during the past century^ the use of water has increased 
at an amazing rate. In 1850 only 83 cities k\ the United States had 
public water supplies, and only a small pro pot lion of the homes in 
these cities had water piped directly from the city mains. By 1930 
thero were 12,760 * municipal waterworks and thousands of industries 
had private supplies from wells or surface-water sources. As lha 
number of waterworka increased, the ust?s of water and the per- 
capita consumption also increased. The quantities of water used 
for a few purposes arc given below. Flush toilets^ batliing and 
laundry^ street clcauing, and fire protection require an average of 
about 40 to 75 gallons per day per capita.’ Processing a ton of steel 
in highly finished form requires about 65,000 gallons* of water; 
making a gallon of gasoline takes 7 to 10 gallons* of water. Vast 
quantities of water are used for air conditioning and for making paper, 
avploaives, coke^ textilesj. and a host of other products* Thus, a large 
oityt such aa CbicagOj with numerous industries may have a pcr-capita 
water consumption as b^h as 250 to 300 gallotis per day* 

Only a few thousand aerca in tlie West was irrigated in 1850, but 
21 ruUUon acres* waa irrigated in 1939, and many additiooal irrigation 
projects are under construction* An aero of cotton uses about 2.5 ^ 
acrofeetj or 800,000 gallons, of water during liie growing season; an 
acre of alfalfa requires about 4 acrc-foct of water; irrigation of truck 
gardens, fruits, sugarcane, rice, and other crops also requircjs large 
amounts of water. In eastern United States^ supplemental irrigation 
is increasing because the application of a relatively small amount of 
water when it is needed by crops may double or triple the yield of 
the land. 

The greatly increased use of w ater has, in many places, almost fidly 
utilked the readily available water supplies, dravra ground-water 
levels dangerously low, caused sea water to enter streams and ground¬ 
water reservoirs in coastal areas, and permitted oil-well brines or 
factory wastes to polluta many of our ground-water reaervoira and 
streams. Thus, the development of addiiional water supplies for 
new projects or industrice haa become increasingly diJficuit and costly* 
Neverthcl™, it would be a mistake to infer that our water supplies 
are approaching exhaustion. Actually, much can be done to coiiacrvc 
and thereby increase the total amonnt of water avadablc for boneficiol 
use. For example, in many places spacing pumped wells over wider 
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areds would prevent excesBive lowaring of tha grountl-water levels. 
Artificial rechat^ of ground-water rcson-oira by spreadiDg flood- 
waters and by other means has been auccrasful in several are^. 
Abatement of pollution in atrcanis and ground-water reservoirs, 
retention of flood waters in rcservoira for l ater use, control of rescawoir 
stages by forecasting normal and flood flows of streams, control of 
silt°and sedimentation, and other mcasurca are being carried out to 
increase the supply availaWe for perennial beueficial use. The 
continued growth and prosperity of the Nation will depend to a large 
degree upon the success with which these problems are attacked and 

solved. .T, . , * , 

Unlike most inincrol resources, water is not eshaustiblc, in the strict 

sense, because it is replenished from time to time by precipitation. ^ A 
surface reservoir may he dangerously low and be refilled in the tiick 
of time by heavy rains. Heavy pumping may cause ground-water 
levels to decline progressively until pumping is no longer economically 
feasible, but when pumping is lemporarily or permanently reduced 
tlio water levds usually recover. Likewise, a period of heavy rainfall 
following a drought period may induco recharge sufficient to rMtoru 
w ater levels essentially to predrought levels. 

Only a part of tho wator token from streams or pumped from wells 
IS actually consumed. In many manufacturing processsea water is 
merely a washing agent and is essentially onreiiuced in volume by 
its use. Water used in boilere or in quenching hot metal is partly 
ovapoiited, but the remainder is diaebarged or re-used, Water used 
in irrigation is partly evaporated ami partly ironspired by plants, but 
there ia always an excess which h discharged and which carries away 
undesirable salts. Tbe excess water from all these usee returns to 
the stream or to the prounil allcretl by the concentration of minerals 
conUined in it, or by tho addition of dissolvcil constituents, or of 
color, or sediment, or simply by the addition of heat. It may bo 
re-used for the same or other purposes with or without the addition 
of new water. For example, the water of the Pecos River, in Texas 
and New Mwtioo, Is used and re-used for irrigation and domestic 
snpplv seven or eight times between its source and Girvin, Tex. AL 
though water is added from tributary areas along its course, each 
time the water from tbe river is used the mineral concentration 
increases, and a few miks above Girvin it is so highly mmeralized 
that even tbe moat resistant crops ore unable to survive its application. 
Even so it may still have potential use. because water also possesses 
the energy of ^sition and in its journey from tho mountains to liie 
sea it may bo used many times over for generating hydroelectric 

^Awthor cliaraclcristic peculiar to water results largely from the 
vagaries of precipitation. Many places are faced successively with 
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water shortages and destructive iSoods. Although onormous sums 
have been spent on flood oontrolf oompkto protection from floods h 
difficult and often prohibitively costly, and in only a few places has 
it been accomplished. 

TIMiatcver conclusions are reached with regard to the economicaof 
flood control by storage reservoirBj from the standpoint of conservation 
of water supply it is advantageous to salvage as much of thefloodwatcr 
as possible. In certain areas where water supply is now inadequate^ 
as It is in many places west of the 100th meridian, much of the water 
from precipitation escapes to the sea during floods. In LO 0 Angeles 
ConntVj Callfpp much of the floodwateris retained in surface reservoirs 
from which it is iatcr discharged into specially prepared recharge 
basins and seeps into the underground aquifera. Some of the flood- 
water is caught in seepage reservoirs designed to promote infiltration 
into the ground-water basins, and some of it escapes to the eeap but 
essentia lly all the flood water in the Los Angeles arcs will be put to 
beneficial use when the projects now under consideration are com¬ 
pleted* Plans for similar flood control m other parts of the country 
are in various sUigos of osecution. 

Ground water and stirface water are so intimately related that for 
proper solution of the over-aU problems of water supply, control, and 
conservation it is now necessary to have all tiie facts regarding both. 
Precipitation, which is the source of both, is partly lostj largely through 
evaporation. Especially during the growing season, a large port 
enters the ground and is transpired by plants. The remainder per¬ 
colates downward below the plant roots to become ground water, or 
runs off directly as surface flow* The ground water, returning to the 
surface aa seeps or springs, provides the base flow of the streams which 
prevails through periods of low pracipiialion^ On the other hand, 
especially in the West, many streams lose water by seepage in certain 
stretches and thus recharge the ground-water reservoirs. 

Many of the basic ground-water inveatigationa in the United States 
are carried on cooperatively by the United States Geological Survey 
and Stale or local agencies, including Slate geological surveys. State 
engincetat coiiuties, and municipalities. In TUinois ground-water 
investigations are made by the State Geological Survey and the State 
Water Survey; and in Missouri investigations arc made by the State 
Geological Survey, In California a largo staff of engineers in the 
State Division of Water Kcsourcea for many years has been investi¬ 
gating overdraft of grouud-wator supplies. Ecceutly arrangements 
were made whereby tbe United States Geologidal Survey, in addition 
to its iuvi^tigutiona in Los Angeles, Orange, arul Sauta Barbara 
Counties, will assist the Division of Water Resources in the geolo^eal 
phasca of a State-wdde inventory of ibo water resources of California. 
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Various other Federal and State agencies are obtaining some data on 
ground water in connection with special phases of their workr 
The ground-water investigations of the United States Geological 
Survey began moro than 50 years ago. At that time ground-water 
supplies were little developed. Consequently, most of the early Add 
investigations were of the exploratory type. Laboratory and field 
studies by King, Sliclitor, and later by Meinzer outlined tho broad 
principles of ground-water occurrence and movement. However, 
before the deep-well turbine pump was developed in tho early part of 
this century, use of ground water in large quantities was limited to 
areas of springs or artesian flow, or to areas where the water levd was 
widbjn r&&cb[ of suctiion piiffl-ps. Aft'^r tliB tiirbs-Q-ft pump w-is intro-" 
duced, it became possible to pump economically even where water 
levels are deep; power costs also decreased, end well drilling and finish¬ 
ing methods were improved to increase the efficiency of w-cUs. Because 
of these advances, ground water came to be used in evu-incrcasing 
quantities, first in areas where surface water was not readily available, 
and later in areas where ground-water supplies wore more economical 
because they obviated the long pipe Hues, coUecUou works, and costly 
treating plants needed for surface-w^atcr supplire. Tho first |^eat 
expansion of ground-water supplies was made largely without technical 
guidance. Because of their immense storap capacity, the groimd- 
watcr reservoirs were regarded as inexhaustible, and in many plac^ 
development was well advanced before progressively dedining water 
levels brought about the realization that ground-water reservoirs may 
be depleted. As a result, demands for detailed ground-water studies 
steadily increased. These studies are thorough, systematic investiga¬ 
tions which include areal geologic mapping; subsurface studies occa- 
donally eugmeuted by geophysical surveys and test drilling to detcr- 
mino tho structure, thickness, and the sequence of watcr-beanng and 
non-waler-bearing beds; collecting date on fluctuations of water levda 
in relation to precipitation and to pumpage; determining the re^arge 
end perennial yield; inventories of ground-water withdrawal; tost 
numping to delermme coefficients of permeability, transmissihility, 
and storage; deteemming the quality and temperature rdatioMlupB, 
and the relations between surface and ground water. Ihe work does 
not include supervision, construction, or control of w^ler supphes. 

The United States Geological Survey is now makmg imperative 
ground-water investigations in 42 States and m Alaska, Hawaii, the 
Vircin Islands, and Fuerto Rico. In general, the Slate or loisal 
authorities are most familiar with the needs in thew Slates, and they 
are largely respouaible for designating the areas m which mvratigations 
are to bo made. Most of the greimd-waler staff of the Umted Sut« 
Geological Survey now have headquarters in field offices, of wrhidi 
there are about 40. 
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III addition to the cooperative mvestigations with Statea and local 
agenciea, certain inveatigationa primarily of Federal interest are being 
carried out with use of Federal funds only. For example, an extensive 
program of groutidewater investigationa is being conducted in the 
Misaouri Kivcr Basin to provide basic information needed for planning 
and constructing the various water projects that are authorized or 
planned» This information will bdudo determitiation of existing 
ground-water conditions and probable effact of irrigation on ground- 
water levels, especially with reference to waterlogging and drainage, 
canal locations with reference to seepage, areas where irrigation with 
ground water is feasible, the location of potential sources for farmstead 
and municipal water supplies, and so on. Other investigations, such 
ns that recently started in the Central Valley of California, will provide 
basic information needed in the project to use excess floodwaters for 
recharging the heavily pumped ground-water reservoirs iu the San 
Joaquin portion of the valley- Several projects also are under way 
in connection with defense plans. 

A large program of measurement of ground-water levels in observa¬ 
tion wells has long been an integral part of the cooperative prograin. 
Eecently a small Federal fund was provided for extending this pro¬ 
gram, analyzing the data, and determining the cuirent status of our 
ground-water supplies on a Nation-wide scale. The program includes 
the investigation of the possibilittca of forecasting low-stage stream 
floivs from fluctuations of ground-water levels, enabling more efficient 
control of reservoir and river stages iu the operation of hydroelectric 
plants and permitting considerable economies in the generation of 
power. Conversely, base flow ts an index of ground-water storage. 

the ability of the ground-water roservoiia to absorb U'ater ma- 
teriaJJy aJfecta the runoff to be expected from rainfall, the analysis 
of data on ground-water levels should aid in flood forecasting. 

In addition to and os part of the above program, several research 
projects are under way, including the study of movement of water 
throi^h soils and water-bearing materials j infiltration from streams 
and its effect on tlie temperature and quality of the ground water; 
die occurrence of ground wmter m fractures and solutional opealnga 
in impcrmeoble rocks, such as limestone, tightly cemented sandstone, 
granite, etc., and the improvement of our techniques for locating 
producing wells in such rocks; earth sulsidoMca resulting from the 
withdrawal of ground water, and related problems connected with 
dosticity and compressibility of artesian aquifors; methods of auaJvz- 
ing results of pumping tests to determine coeSicienta of transmis- 
sibility and storage; and a number of other projeete. 

With respect to the probable future of ground-water in vestigationB, 
it should bo pointed out that ground-water development was expand- 
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ing tttpidlj in the middle thirties. In 1935 the total use of ground 
water in the United States amounted to about 10 bilEion gallons a day. 
The development wae greatly accelerated by the needs of the war^ 
so that by 19€5 the total pumpage had nearly doubled.^ Although 
the war ended more than 2 years ago Ibere has been no sign of a 
decrease in the use of ground water. In fact, both surface water and 
ground water are now being used in greater quantities than ever 
before. As the use of water approaches over more closely the Unuts 
of the available supply, it ia believed that water-resources investiga¬ 
tions will be needed with ever-mcreasing uigency because water 
constitutes the prime factor in the continued development of the 
Nation^s industrial and agricultural economy, 

* auTton, W. F., UultiBtrUl urn <d innitul wmtvr Eh 11)4 UiLltHl Siam. ANitliifC, J«mL Wnhlcfion 
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MODERN SOIL SCIENCE ‘ 


By CiURLsa H. Kin^Loao 
t/. S. of 


[Wm 2 plolA] 


Moat people probably think of soil as the loose surface material 
plowed in. the field or spaded in the garden. At some time we have 
taken up a handful and let it run through onr fingers, or squeezed it 
into a soft ball. We have seen sand grains, roots, and worms in it. 
Sometimes soil is hard, almost like rock; sometimes it is csoarse and 
loose, like cinders and ashes; where most productive, soil is soft and 
mellow. 

We cannot see or feel the chemical composition of the soil, hut 
obviously it must contain a wide variety of elements and compounds. 
Some plants grow on every kind of soil, and we know that even the 
mmplest plants require several nutrient matenals besides the carbon, 
hydrogen, and ozygen they get from the air and water. 

Starting with this simple concept, the making of chemicsl analyses of 
soils to increase our knowledge ia a natural step, and indeed even the 
early chemista did this. By analyzing the soils and the plants growing 
on them it seemed logical to work out a balance sheet of plant nutrients. 
If the nutrients in e soil and the amounts required by plants are known, 
it aeema reasonable to predict how many crops could ho grown before 
the soil would be exhausted, what crops would be best, and what 
fertilizers would be necessary. 

There were many difficulties with this simple concept of a balance 
sheet. Despite support from the great Justus von Uehig with bis 
towering reputation, this theory faUw! rather badly on the practical 
Bide, and even worse on the scientific side. The fertilizer industry that 
grew up under the shadow of Liebig did develop useful fertilizers, and 
these increased yields, but the fertilizcra wore often inefficient and 
always uncertain. 

It really is too had that the balance-sheet theory was so inadequate, 
since it was refreshingly simple. But the aoU is any I hi^ but Eimplo. 
First of all actual soil in the woods or garden is portly alive. It is 
quite unlike the dead samples of soil stored in the glass jars of chomicd 
laboratories. A soil consists of thouflanda of compoundB, organic and 


, lA BIKW II NUlanal tMtiinillIpL Oepriotefl bj permiarioa troia 

227 





228 ANNUAL REPORT SinTHSOXIAN INSTiTtmON, l»4t 

iRorgRpic. Some of these compounds fire highly active even when 
present in tiny amounts^ whereas others, like quartz^ are relatively 
inactive even though their bulk is large* The total chemical analysis 
conceals these important variatiojis. One must turn to the X-ray, the 
petrographic micFoscopc, the electron mieroBcopej the spectrograph^ 
and similar devicoa to discover the relevant maLeriale^ The soil is 
much more than Iho surface film stirred in tillagej it is the group of 
layers that make up the whole volume of the Jaudscapej extending 
down as deeply a.^ the living organisms thomsclvoj^. In fact, soil is 
the essential linii between the lifelesa mineral body of the earth and 
the biological kingdoiHj, including man biinself. 

THE SOIL PROPILE 

If p instead of looking only at the soil in our garden, we look at many 
gordeuB^ all sorts of diilerenccs amoi^ these soils are evident. Then 
if the soils across a continent are examined a close relationship among 
Tcgetation, climatOj and soil becomes apparent* Subhumid grasslands 
and black soils go together j cook moist climates and evergreen forests 
wdth lightn^lored soils; tropical rain forests with red soils^ ajid bo oUp 

Soils consist cf several distinct sheoiSj one on top of the other* In 
an excavation or a cut these sheets appear os layers, or soil horizons. 
Of course, some layers in the soil are inherited from layers in the 
original rocks. But regardlm of the original recks, we shall find 
true soil horizons, resulting freni the peculiar environmental conditions 
of the placov Taken together^ from the surface dowm into the weath¬ 
ered reck beneath, a collection of horizons Is called a soil profile. 
The soU profiles in different kinds of landscapes are strikingly different 
from one another^ yet they ore aliko in the same kind of landscape 
wherever that lojidscape is found. 

This recognition, about 1870, cf a unique soil profile for each kind of 
landscape was tho greatest Buiglc advance ever made in fundamental 
soil science^ analogous to the development of anatomy in medicine- 
One dues not need to depend upon inference frem the geological 
nature of the rock, or from climate, or from other environmental 
factors, considered singly or oollcctivelj; the soil scientist can go 
directly to tho soil itself, I hasien to add that rather than making the 
other ecloncea usdeas in sod study, this atep in fact made them more 
valuable* Through soil morphology, soil scientists found a basis 
on which to classify the resulia of observations, of experLmenta, and of 
practical experiencct 

THE MATERIAL OF SOIL SCIENCE 

The material of soil science covers the land area of the world* 
Thousands of kinds of soik ejcLst. Due to the complex nature of its 
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materials, soil science is not easily dassified as a sdence in tho tradi¬ 
tional patterns* Often it is indndcd with the physical sdenoes^ like 
chemistry and physics. Yet it is also grouped as correctly with the 
biological sciences^ along with plant physiology and bacteriology* 
Then again p eoil science is appropriately grouped with geology and 
geography as an earth science. ActnaUy soil science uses the prin¬ 
ciples and methods of all tlurec of these groups, and a soil scientist 
who uses the principles of only one or two of the groups^ to the exclu¬ 
sion of the others, can only have small principles that have Utile 
prediction value and soon bog down in contradiorion* In addition 
to those already mentionedj there arc important principles and 
methods peculiar to soil sdence itself that do not belong to any other 
scicDce. In application, the prindpiea of soil science must be inti- 
matelj related to those of tho Eooial sdenci?s. 

It needs to be emphasiKcd that the csperimcntal method and the 
method of scientiJic correlation are essential in bath fundamental 
soil science and in the application of its prindplea to practical prob¬ 
lems in farming, gardening, and forestry. 

Soils must be studied in relation to ona another and to the whole 
environmentj both natural and cultural to understand their forma¬ 
tion and tho influence of tho individiial factors of climate, vegetation, 
parent rock, reliefj and time. How any one of these factors operates 
depends upon the others. The signiGcanco of any ono soil charac¬ 
teristic depends upon the others. Any soil is a comhioation of 
characteristics, produced by a combination of factors, each of which 
inQueners the functioning of the others, 

Baeperiments are needed, both natural and artificial, to Icam how 
Individual soils behave and how they respond to treatment. These 
must be specifically related to individual kinds of soil, however^ if the 
results arc to be used in developing principles or as the bases for 
practical predictions. Thus the experime-tital methods and the 
methods of scientific correlation are intimately interwoven in produc¬ 
tive research in soil oclcncc. 

SOIL AND tANDSGAPE 

Ijct us look brieOy at the implications of this concept of eoils. They 
arc natural bodies^ each with its own uniquo morphologyj they are 
dynamic bodies, developing with the natural landscape itself; they ac¬ 
curately reflect, at any moment, the combined or synthetic influonco of 
the living matter and climate, acting upon the parent rock through 
processes conditioned by relief, over a period of time; they are db- 
tributctl over the earth accowling to orderly discoverable and definable 
geographic principles. 

The geological process of mountain huHding, rock formation, and 
lancbcapo evolutioa from which the parent materials of soib originate, 
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are still going on along with soil formation. The natural ei™ioii of the 
uplands gradually removos a little of the surface bit by bit wbUe the 
soil film settles dowUp and fresh minerals are added to the soil from 
beneath^ With the warijing of the landscape these processes are 
accelerated or retarded- 

At several of the Soil Conservation Experiment Stations of the 
United States Department of A^eulture^ rates of erosion ware deter¬ 
mined under permanent vegetation (15J** Under the rtatnral forest 



fl. Frfl* diBfrai* 


FiOBnn 2.—A tomparisoa of the olay content snd cicliJinseiiWe bases from two 
Boile developed ift simllsr envIronmcnU, except for the dllTcfanee m parent 
rock The fundamentally important diffcrencea in clay content and In e*- 
eluingeable bawa ate obvioua botweeb the aolts and among hofiaona within 

each ioEi (^)- 


coTor of tho Cecil aoU of the Piedmont, erosion proceeds at a rate of 
about 1 foot in 10.000 yeai^. This tsIuo n|as delt^od on a 10- 
perocGt slope. Yet on a 14 -percent slope of tho Muskingum silt lonra 
of Ohio, considerably oTer 200,000 yearn would bo required to remove 
1 foot by erosion under tho forest cover. _ 

Under a weU-eatabUshed grass cover, normal ^oaion proceeds 
alowly on the dark-colored soils developed imder taU praino gi^es. 
On the MarabaU silt loam near tho Nebraska-Iowa Ime, with B-perw 
cent slope, nearly 14,000 years ^^uld be required to pmove 1 f^t 
Lder blu^srass. On a black aoU of east Texas, Austin clay v-ith a 
dope of 4 percent, the figure is nearly 900,000 years. 
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TUese values probably do not represent the real extremes, but rather 
relate to normal erosion. Some soils erode much more rapidly under 
dean cultivation with bad effects upon soU productivity. Through 
proper cropping systems and soD management praciiccSi erosion of 
soil under use should be kept somewhere near the normal rata. 
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FiOuRE 3.—A Of the mecbaiilcal aampDflltfon of two solh d^velopKl 

from purL'ni malcrutk and lti pimilar ODvIroiituonts, o^ccept for relief- 

On boLLb of undulating to gaitl 7 rolUng relief there la ContinuElly & email 
nmoufit of miaion In tlio natural laDdEcnpo^ As the Enrfaea ia thus (doii'ly 
eroded, cacli soil hortuon works down into the one beneath. Over a period of 
seveml thouaaud years the whole Hoil profile, while remainiTig: at the aiune 
kneth, may sink into the landscape ft foot or mar«. Thua the aoll U hept 
oanatantly renewed with new tnibcrala. This h illuatrAted by the Miiunl eUt 
loam at the It^t. The soil nt the right is developed from aiptilar nmterliil on 
Hat upland whiiEio there ia little or no eroaion in the mktutftl landac&pe. The 
loaohed mat^lel occumulatea ni the surface^ and clay fornifttion and the oeeu- 
nmlntloe of eloy are aceeniLiatod in the middle portion of the prohle, with the 
developmont of a clay pan. Wherena the Miami aElb loam ia & well-drained boH, 
pervious to roots and water, the Bethel la an imperfectly drained soil. During 
wet ptriode except water ia hold up by the clay pan which is sJuki impcnctrahle 
to moat roots. Kinds of crops and aoil-manageinent pracftceo for optimum 
production are quite different indued, even though the soils Ha aide by side on 
the aainc farm (2)- 


Percolating water gradually dissolves the min orals in tbosoil and the 
rock bonoath. Olarka has said tbat tlus procsess olono reduces tbo 
surface of the United States on an average of about a foot in 30,000 
years (6). From a study of streams, Dale and Stabler (7) estimated 
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several years ago that the average rate of denudation for the Urtited 
Slates as a whole was about 1 foot in S)760 years, with suspended 
matter accounting for about 65 percent and dissolved matter 35 per- 
oent« Solution progresses much more rapidly than this in areas of 
soft limestone and high rainfall, and, of coursoi the process is almost 
infinitely slow on the hard rocks of steep slopes. 

Other landscapes receive part of the erosion products and part of 
the solution products from the upland. It is probable that a third of 
the population of the world get their major food supply from alluvial 
soils recently rejuvenated by additions of fresh rock minerals to their 
surface. The N'ile is a famous example. In doofl stage the water of 
the Nile contains over 1,000 ports per million of suspended matter 
relatively rich in phosphorus, potassium, nitrogen, and other plant 
nutrients. Part of this covers the soil in the Qood plain and part of it 
moves out into the sea. Borrell (1) estimated that tlio Nile Delta 
alone contains the equivalent of nearly 12,000 cubic miles of rock, to 
say nothing of the soluble material contributed to the sea water. 
According to Harrell's figures the rock material in the delta of the 
Niger River is equivalent to a wedge-shaped mountain range some 
18 miles wide at the base, 3 milca high at the top, and J ,000 tiuJes long. 

This gives some idea of the enormous movement of surface soil 
material as a natural process. In addition, in the Tropics especially, 
volcanoes often shower the lundsisape with fresh rock or ash. A layer 
of ash only an inch thick amounts to 200 to 300 tons per aero of Fresh 
fine rock material. Usually such ash contains significant amounts of 
calcium, potassium, magnesium, phospiiorus, and other olements essen¬ 
tial to plant and animal growth. Even nitrogen le sometunes present 
in Important amounts. An acre-inch of tlio asli from Paricutin, tho 
new volcano in Mexico, contams the equivalent of over 20 tons of 
ground limestone. Sometimes productive soils are covered with a 
rather storUo ash, but more often old leached soils are rejuvenated. In 
the humid Tropics productive soils are generally those that are young, 
recently developed from volcanic lava, or soils that are kept roju- 
venated by tho relatively rapid addition of fresh minerals from beneath 
as the surface erodes away, or by additions of alluvium or volcanic 

ash to the surface. .. ■ . ■ 

Tho most nearly dead soils are thow on flat land^pca of high ram- 
fall that arc not rejuvenated by erosion, by new miuemU entering the 
soil from beneath following natural erosion, or by sediments from 
above. Those dead areas must await a new cycle of uplift and erosion 
before they become productive naturally. 

THK MINERAt-ORGANiC CYCLE 

We are interested in soil chiefly becouse it supports ^een plan to, and 
from green plants all other planU and animals, including man himself, 
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get their food supply, either directly or from other plants and animals 
that live on tlie green plants. Of equal Importance to this basic fact ia 
the one thnt plantSp and all the other hving matter associated with 
planta, ere chiefly responsible for the kind of soil developed. It can be 
stated that there is no life without soil, and no soil without life. Life 
and soil seem to have evolved together in a mmeral-orgamc cycle, or 
rather in many cycles, because there are many kinds of plant associa¬ 
tions, many kinefe of landscapes, and many kinds of soils. 

After the earth cooled into a solid surface, and before vegetation 
covered the land, it probably looked something like an extreme desert 
region looks today, with jagged bills, sharp angles, and deep, irregular 
stream courses. With the coming of vegetation, soils began to form. 
Landscapes became more stable; jagged peaks softened into round hills 
With gentle slopes. Vegetation not only changes the rock matcml, but 
holds it in pkco, allowing it to slip away only gradually and barm- 
loasiy. 

The plants select the essential elements from the moss of rock ma- 
tenal into which they extend their roots* The groat bulk of most eoiis 
consists of various combinations of silicon, aluminum, and oxygen 
along with significant, but often tiny, amounts of the other 92 elements. 
Plants take in phoaphorua, calcium, potassium, maDgancse, copper, 
and other dements which they require, and build them into character¬ 
istic fruits and Icavca, bark and wood. the leaves and fruits and 
other parts fall, and as plants die, thia organic matter bccomcB in tnm 
the food of bacteria and other decay organisms. With their help, the 
chemical decomposition releases the nutrients to the soil for other 
plants. 

Estimates have been made of the annual production of organic mat¬ 
ter in the natural landscape (10); unfortunately few data eixiel for the 
roots^ For tail-grass prairie the figures for annual production aro from 
around 1 ton to over 2 tons per acre. In temperate forests, values 
of around 3 tons per acre have been reported, with about one-bolf 
wood and one-half needles or leaves. Figurea for tropical vegetation 
arp much harder to determine, but estimates run up to && tons per acre 
per year. Of course, one year Ls but a moment in the life of a soil. But 
Id 1,000 years a truly enormoua influence is exerted on the soil by this 
root-sorting and the biological and chemical reactionB associated with 
the production and decomposition of such vast quantities of plant ma¬ 
terial—Kjuantities ranging from perhapa a low of 100 tons per aero 
through a medium of 3,000 tons, to nearly 90,000 tons, depending upon 
the kind of landscape* 

To have some notion of the magnitude of this organic-mineral cydo 
in terms of a few specific elements, we might look at data for the annual 
loaf fall in ordinary hardwood and ov&rgreen forests In northern 
United States (4, 5)* 
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Th^G figures flxs brosd averages and c^ncsaJ sigaijK^nt ainerences 
attiODg UiG specific orgaiiic-'niincral cycl^ of individual soil types. Then 
too, the cycle varies in speed. In tropical areas itiaveryrapidiA small 
amount of a plant nutrient goes a long way since it is used over and 
over again in its rapid cycle from the soil to a plant, to the soil, and 
back to another plant again. 

Thus it is clear tlist there is a continual cycle of nutrients out of the 
soil into the plants and back into the soil again. We are concerned 
both with the amounts involved and also with the conditions that aflect 
them. In fact, the amounts by themselves can be misleading. Take 
calcium, for example: In the arid to aubhumid regions the rainfall Is 
insulEcient to remove the calcium and it accumulates in a special 
horizon called the "lune zone” in the lower part of the soil profile. 
Calcium would not need to be added to this type of soil even after thou- 
Bandsofharvcatedcrops. Yet in humid forested regions the lea ehing of 
calcium completely out of the soil is so great, in relationship to that 
brought up by the plants, that it must bo returned to the soil in 
agricultural practice, either through the addition of organic matter 
or mineral amendments. 

In the famous KentudT bluegrass region the imderiymg rock is 
very rich in phosphorus. The soil contains supplies for thousands 
of crops. Yet in most parts of the world this critical element must be 
added by the farmer to supplement the natural mineral-organic cjde. 

The kind of v^etation in the natural landscape has much to do with 
these vitally important eydes of dements. On the whole, trees do not 
require large amounts of phosphorus, and they do not preserved m the 
soil to the extent thot the grasses do. Thus when the v^otation is 
removed and replaced by the plant crops the so^s often found to \x 
deficient U. one or mere of the pUot nolrieou. Whet men » dooig .0 

eilablishiOE inewlendecopo,imtlJm»ltlieloiie,ifroupl™e. He mm 1 
dhcovei the .ppioprioto miEer,d.o.xMie cjele throo^ ttml ond ^ 
eeereh, and then intioduco prectieee to compeMOle lor the ehingo. 
This elto Bt Iho heert of tho (imdementBl problem to which BOil saeuce 
addreeeee ileeM in i» pmeticnl applicBtion to nglietdturo. 

Soil fertiliation, lor oimmple. i» not eimply • mo «r of rcpleo^ tho 
ontrient. r.nnov.d by harealed nope. Soma mde may b. able to 
.apply aU or cmlala nntrient. indefinitely: othen, mey need heaey 
feriatation far beyond what tho plaal. take onl, for long nntial 
poriJda. Nnr aro tea eaneeraed .imply vrith the tdfeet. on jaat one 
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crop or of the crops (h&t cfin be grown on the soil anywaj. Rather 
we must thmk of the yarions combinations of crops and pracliccSi 
and tlioir immediate and longtime influence upon the soil and upon 
one another, to the cud that a combination w’ill be developed which 
will maximize the ratio of production to labor and materials on a 
permanent basis. 

MTTLE places AND BIG PLACES 

It IB obvioua that some sort of soil classification is cssentiaJj dnee 
the world has a great manj thousands of kiitds of landscapes, kinds of 
80)1 profiles, and kinds of mineral-organic cycles. Of course, one cannot 
deal with all these soils at ono time, nor do they present etjual con- 
trasta. Actually, there are few sharp Un^ between soil types; rather the 
soil of the world is a continuum ttiat may be divided into reasonably 
honK^eneous units according to the state of our knowledge and the 
demands for accuracy and scientific prediction. The soil is a natural 
product, and no two soil profiles are identical any more than two oak 
trees or two coll^ professors are. Soil typ esareman-modoereatiocs, 
In one soil type are included all the soils that appear to have the same 
kind of profile, even though they are not alike in every single respect. 

This is not the place to go into the age-old problem of classification. 
All the natural sciences have the same problem. A classification is good 
to the extent that it serves the purpose of remembering characteristics, 
seeing relationships, and developing principles. A classification is bad 
to the extent that scientists become slaves to it, and twist their data 
and ideas to fit the dsssificatlon. It improves as our knowledge 
grows. Some wonder when soil dasailicstion will '‘settle down"— 
when names and definitions ivilS no longer be changed. This will 
happen when soil Bcienco has ceased to discover anything now—in 
other words, when it dlas. 

Let us now consider the significance of the loiver groups, or local soil 
t3rpC9, in contrast to the great soil groups, or continental soil types. 
The differences that aro apparent between onr garden and our neigh¬ 
bor's, or between one plot of crops or trees and the adjoining one, aia 
differences related to the local oondilions of rocks, relief, and age, 
The soil of one garden is derived from sandstone and another from 
granite; one garden is billy and one is flat; one is on an old elope and 
one IS on a young stream terrace. Associated with these dtffcroncea 
are charactenatics of great practical and scientific intcreat. Soils too 
sandy for gardens are often found mixed in an intricate pattern with 
Boiis that aro too heavy in clay; soils too steep for cultivation with 
soils that are flat and wet. If these sods aro studied carefully, one 
determiuo how they differ from one another and what direct reia^ 
tionahips exist botweeo the soil characteristics and the factors of the 
environment. Nevertheless, senous errors may be made os to the 
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c&uses of aoil characteristics, bocfluso of failure to see the ooffiioon 
characteristicB of unlike soils found in the same ecological region. 

la a broader study ono might reach altogether different conclusions. 
Suppose, for example, that one studies in detail the ao s on 

smooth slopes from limestone and sandstone in West ^irginja ui eon 
tr^t to those on smooth slopes from limestone and ^ 

ffotern North Dakota and in Bouthera Arizona. Sere ^ain, atnki:^ 
differences arc apparent, but the moat important of ese re te o 
differences in cHmato and vegetation; geology would seem re ativ y 

Thus by grouping the local soil types into higher categonos, the 
broad soil groups that dominate the landscapes of ^eat regions are 
compiled. When one conaldere individual practices m tho gY<icnj on 
the farm, or in the forest, it is the local landscape and tho local soil 
types that are important. When one considers the great movamen 
of population, the potentialitioa of nations, and the historical t^nds 
of peoples, the significant factors ara the great soil groups. Thus 
the gardoner sees aoU eharacteristi(» with a different emphasis than 
does the geographer, but soil science has much to contribute to both. 

PRIMITIVE SOCIETIES ON THE SOIL 

The soil supports plants, animals, and man bimsaih Primitive man 
must have bean aa much the helpless product of h.a enviroumon^ 
were the wild animals. He lived close to the sod and wm n food 
gatherer. He took the plants and animals, induding 
available in hia own landscape. Moat of thwo were eaten with little 
change by cooking, storage, or refining. No doubt it wm yiaky busi¬ 
ness Families might fail to get food because of drought, deep snows, 
^ or other calamities, and starve. However, when tl^ went 
wS^'allhough they might live on a few foods for a time, 
v^r there was usually a variety. Then too, pninitive man ate vi^r- 
Slv He ate whole foods-skins, bulla, seeds, and other parte that 
ously. r , recently that modern man has 

are now ^ S Early Wu received or failed to 

attempted ® Hvinerals and vitamins, unconsciously. Of course, 

receive hispro e , *1 study our savage ancestors at the time, 

no fioientist was available to study our sa g 

K I lUta cSeal grains, milk, cheese, fruits, and meat, of refined 

whole fo^^ flour and similar products of more "advanced’' societies 
oir' Th^us Itive peoples may become degenerated, or even extinct 

adi'uatment with their food aupply ( )• 
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Marett held that people having food dehcient m aoms essential pie¬ 
men say calcium^ phospboniSj or iodine, gradually develop the ability 
to eoELBarve this dement. That le, in the evolutionary process the 
ability to get along satisfactorily with only a little of some clement 
would have survival value. Such people would be most Ukel j to have 
children able to thrive and grow strong. But in the process^ size, 
skin color, and other features^ even the psychological characteristics 
and social traits, are altered. Marett beUeved that differences In food 
composition, most of which were closely related to the local environ- 
moot before the modem period^ had a great deal to do with the origin 
of races, with the physical and social differeucea among the different 
peoples of the earth. 

Marett argued, for esomple, that in regions with acid soils deEdent 
in calcium, people gf small dae would be favored. The physiological 
strain of lactation upon femalea w'ould be much greater in humid 
regions where soils arc generally leached and acid and the foods de¬ 
ficient in calcium and phosphorus, than in arid r^gns where soila 
usually contain abundant lime (calcium). Thus on acid soils where 
food is defident in calcium the bodily strain would lead to adjustments 
for economizing lime through decreased size, especiallj o! bones. He 
suggested that the operation of these forces may have been important 
in the development of fine bones among modern people as contracted 
to our more coarse-boned ancestors. Such cUaugea are very gradual, 
and are not marked until after long-living in a particular landscape. 

MAN A3 A CULTIVATOR 

Aa civilization developed, man became a cultivator. He began to 
direct the course of nature toward his own ends, and ceased to be 
simply a food gatherer dependent only upon the natural bounty of 
the landscape. He ceased to be primarily a thief, and became a 
grower, a homemaker, a planner, and a coaservationiat in the only 
sense the term has any social meaning. As he gained in experience 
he learned to satisfy himself more easiiy^ in fact, some people in the 
society could cease to be food gntberers. Social atructures rose with 
the evolution of trades and profeseiono. As the efBcienoy of food 
production increased, more and more people could be released from 
food gathering to develop the arts and sciences, to make tbe other 
things man needed for hia health and comfort, and, unfortunately, 
to make war. 

From the dawn of hietoty to the rise of modem science the accumu* 
lation of learning about agriculture was a terribly slow process. 
Experience, which was passed down from father to aon over the genera¬ 
tions, was the only guide. Only a few departures were made, because 
there was no suhslitutc for such experiencfip Further, there waa little 
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realization that experience on one soil, in one landscape, could not bo 
retied npon where another aoil was inToIved, Migrations were often 
disaatrouB for this reason. Then, too, world history records changes 
in the landscape under the very feet of the fanner, like tho slow spread 
of the Sahara Desert as it gradually expands to its former position, 
foUowiiig the moist period of glacial times (8), 

Unfortunately, the early scientists of Greece and Kome reached 
little into the problems of agricul tore. With a few conspicuous excep¬ 
tions, the philosophers of that day accepted fanning as the job of 
slaves, beneath the dignity of trained scholarship. 

THE GREAT DISCOVERIES 

The tempo of man’s struggle with his environment completely 
changed with two great forces; the rise of modem Bcicnce and the great 
discoveries. Tho most important fact of Western culture was the 
opening of now land in the world. The forces leading to the pessi¬ 
mism of MalthuB were already destroyed before lua famous essay on 
population had been printed. Science began to increase productive 
efEcicncy. tVestem Duropcans found new bomea in tho landscapes 
of the Americas, 

Europe had been bound by an aristocracy based upon land. Al¬ 
though many carao to the cow world to seek gold and adventim, 
most people came to find land and to build homes on the only security 
they knew. Gradually the east coasts of the now world filled up. In 
the beginning people were confined to laud near the sea and to navi¬ 
gable waters, as they had been in the centuries boforo. But modem 
science came to the aid of discovery. The European colonists pushed 
into tho interior, especially In North America. Railroads Lad made 
possible the exploitation of Interiors of continents, of tlio great areas 
of black soils. Except for a few isolated spots, these soils were scarcely 
used by civilized folks at the time of tho Treaty of Westphalia when 
modern nationalism hod its birth. During tho nineteenth centu^ 
the black soils (Chernozem and Prairie sodB) and the blown soils 
(Chestnut and Brown soils) in North j\jnerica were occupied. The 
frustrated, tlie persecuted, the seekers of new opportunity had a place 
to go. and it was a good place with good soil. For over 200 years a 
man and woman could carvo themselvca out a farm home m the colo¬ 
nial frontier, in the Ohio Volley, on the great prami^ of Elmois and 
Iowa, and finally on the Great Plains to the west Grassland needed 
only cultivation, once transportation was establish^. 

In addition to the fine aoila, there wero other free resources, the 
forests and minerals. There was land in North America ^nl^ 
America, South America, New Zealand, and Austral^ FoUowi^ 
the great discoveries Europeans found opportunities throughout tho 
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world. This progress is credited by many people to western civiliM- 
tioOp but it would have been a poor civili^aticui indeed that could not 
have succeeded with these riches. With such abundant resources for 
its citizen&i it is hard to imagine how any American goTernment could 
possibly have failed. 

At the present time, however^ people must make a go of things where 
they arCp or else movo into areas whore a great deal of careful planning 
is necessary for succesaTut agriculture or industry. There is no more 
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fertile soil iti the world wnUIng only for the plow. But Lhcie is a peat 
ilcaJ of uDuscd land in the world that can be made productive tlnough 
the application of modem science^ land that ia ma<le up of thousands 
of unique types of aoU. 

modern science 


The pent discoveries themselves owe much to modern sdenco. An 
insignificant part of the bread grains of the world were grown on the 
black Chernozem soils of the giibhnmid grasslands when the Treaty of 
Westphalia wns signed^ Now these same black soils are contributing 
more than oue-half the supply of bread grains to Ibe world. Within 
some 250 years man baa occupied these soils. At first lie applied the 
eld methods and the old traditions, with poor resulta. Then- from 
modem science he received railroads, proper machinery, and power- 
Whereas 100 years ago most cities of importance In the world were 
located on Groy-Brown Podzolic soils, like those of tlie Ohio Valley 
and northwestern Europe, now there are great cities on the black soda 
and on the brown soils like them. In fad, the great modern army 
that stopped the Germans at Stalingrad was raised on these soils. 

Our early application of science to make a better adjustment 
between man and liia environment w'as uneven. The various sciences 
have developed unevenly, and aiey arc applied unevenly m ditterent 
parts of the world. Early atiempte to build the Panama Canal 
showed the failure of cngmecring wiUiout medicine, and there are 
similar failures of oilgineeriiig and medicine without improved hus¬ 
bandry. Soil depletion due to eiesion in parts of Africa has followed 
attempts to buy the wares of the peddler before husbandry Imd im¬ 
proved the offidency of agdculturc. In fact, soU depiction through 
accelerated erodon, exhaustion of plant nutrients, accumulation of 
excess salts, and loss of mellow structuie foUow the decline of the 
people. The great opportunities for future development depend not 

on science alone but on a symmetrical Hcienoe. ^ _ >- 11 . 

Of couree, some object to machines and the planning meviUble to 
the use of sdence. They talk a^ut going back to nature. But 
obviously this would not bo possible unless we were willing to do 
awsv with a large part of our population and with all onr modem 
gadgets. Scientists, and agricultural acientists m particular, were 
blamed by some for the last great depression. It was said that if 
scientists had not developed all these new methods surpluses mid low 
prices would not have existed. Of course, tins appears nr iculo^ Uj 
a scientist, since millions of people are m need of essential food and 
clothing for health. To the scientist surplus® are market phenomena 
within^an*s control and due to impeHectionB that are subject to 
control The good life requires abundance, and abundance depends 
upon the efficient use of oU our knowledge. 
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BeturniDg to tlici rul&tion&bip between man and the soi]p or land¬ 
scape, where he finds himself: the optimum or ideal adjustment can 
bo approached by changing the cnyironmenfcj changing the soil, or 
by man adapting himself to the enTironmcat. Actually, of course, 
mao docs some of both^ and science helps both processes. From our 
understanding of the sod and the environment we learn how to change 
it, and how to adapt ourselves to it- 

The soil is not easily changed, however, for in spite of all we learn 
to do through husbandry there still remains a closer relationship 
between the quality of foods and the natural soil type than there k 
between their quality and modem agriciiltura] practices. Of course, 
irrigation of the desert or drainage of swamp land by means of large- 
scale engineeriing devices brings an immedista change. But most 
changes come slowly and often indirectlj. A little change in the 
soil can set into motion a whole series of fundamental changes. 

For example, most of the soils developed in humid foreated land¬ 
scapes are add. Although they are productive for a tome, these sc lie 
produce only a few of the plants man necdSn. By adding some lime, 
often some phosphate, and sometimes some other materiala in rcla^ 
lively small amounts, the fanner can widen Li& choice of cropsp He 
can grow the deep-rooted legumes where he could not before* These 
crops, in turn, have a pronounced hiflueuca on the soil and upon the 
crops that follow them* Similarly, tlie farmer in the humid region 
can develop a soil approaching the notoriously productive Chernozem 
of the subhumid grasslands by making up through fertiliaation for 
the extra leaching in the humid climate. Although fertiJuier has not 
been found to have a dependable mhuence on the quality of food 
crops, through fartilizatioa the farmer can so expand his range of 
crops that he can select those most nutritious for animal feed and 
human food. 

Every natural soil has certain limits to its potentialities* Through 
modern scionce those limits may be expanded in terma of kinds of 
crops and yields. iVo rekli^n^hip natutd 

Jertiiilfj 0/ soils ihdr actml pTQd^tctiei^f in soddy* The important 
factor ia their response to management* Some of the most productive 
soils in the United States are in the southeastern region, soiU that are 
notoriously infertile when first cultivated as compared to the black 
Boils of the Middle West. 

NEED FOK SYMMETRY 

Maii^s adjustment to the natural soil is not merely a matter of doing 
a few things. It ia the process of substituting a new environment, with 
all its varied effecta on living matter and the dynamic processes within 
the soil, for the old one* With the smooth-lying soila of the Iowa 
prairies the former gets nearly maximum yields from his first cultiva- 
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tioBj in factp ther& is no practical way now known to maintain the 
nutrient supply and productivity of tbeae aoils as tigh as they were 
under continuous grass and atill use them for crops under anythi^ 
like present economic conditions. However^ these soils can be main- 
tamed in cultivation at a slightly lower level of produetiTity under 
practices that maintain the nutrient supply and organic matter and 
control the water supply to avoid eoccess run-off and erosion. This is 
to be expected, since these aoile were developed under grosaliko plants, 
similar to the crops the farmer wants to grow. 
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Tba situation Is different when tho forest is reoioYed from a leadied 
soil in the humid region. The organic matter and nutrients must be 
built up far above the levela present in the natural soibp and the bal¬ 
ance is dclicatep both the natural balance and the one created bj man. 
Too much lime added, and other nutrieiits become unaToilable. Too 
much nitrogen addcd^ and plants are weakp poor in quality, and easy 
prey to diseases. Water control without proper fertility may be 
impractical and wasteful. Karely can the maximum economic pro¬ 
duction from soils in humid forested regions be realised by application 
of just one or two Beiontific practices. 

CONCLUSIONS 

In the past, the environment determined man's development and set 
deUmte limits on his activities. ITis mueic and architecture^ his 
economic and political institutions^ In factj hia whole social being 
was strongly iniluonced by the potentialities of the soil. As modem 
soil science develops furlhcr, the environment wiQ detarmine less 
what man la and more what he does. Scientists will learn more 
precisely how to carry specific managomeut practices from one soil to 
another, in order to achieve good productivity. 

As science progresses tliere will be increasing emphasis upon sym¬ 
metry in science, upon fitting the parts together. Although such on 
emphasis runs counter to the modem trend of specialization, organiza¬ 
tional devices both in research and education will be created so that 
teams of seientisls of different specialties work together. Only in 
this way can oven a small part of our agriculiural potentialities be 
realized or more than a small part of our soil science be put to work. 

Even now, there would be enough food if soil science were used to the 
fullest extent. There are no apparent limits to our potentiality; it is 
far away, for beyond our present production. Even in this great 
country there is needless inefficiency In egriculture, needless from the 
standpoint of proved scientific princlplca and practices^ Some farm¬ 
ers do not know what to do; others have no way of knowingj or of 
following the practices if they did knovv. Thus even on the soil 
already occupiedi tlie opportunities for more food are enormous^ In 
addition, there are still areas in the interior of continents that are 
only partly used for lack of industry or transportalion. This is 
eapecially true concerning Asia. 

Even more important xh^ these wasted opportunities are the great 
areas of tropical aoUa. Some say that the re^urcts of the Tropics are 
almost without limit; othore say they are nil* The truth is that with¬ 
out modern science their productivity b small; thus it might be said 
that the Tropics are overpopulated now. However, with the applica¬ 
tion of a eymmctrical soQ aclence^ the potentialities of the Tropics are 
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onormoua. Most of tlio soils ara aaturallj infertilo m terma of our 
present practices in temperate regionsj but it is possible to modify 
the mineral -organic cycle of these aoUs and get good production of 
cnltivated plaiits on a secure basis. All the agricultural sciences will 
be invoWed, along with soil science, medicine, engmeering, economics, 
and political science. 

This outluie of soil science in modem sociotj leaves a miliion dc tails 
untold. If peace aad abundance in the -world are acbieTcd, thouaan^ 
of soil scientists will have contributed their w'hole lives toward it, 
along with other people. The data of soil science show that abundance 
is possible. Whether it should be achieved, and w'hether it wUl be 
achieved, are not scientific c^uestions. But if the people of the world 
decide that they want peace and enough food, and if they address 
themselves to the economic and social problems standing in the way, 
soil science says it is possible. 
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TIME IN EVOLUTION * 


By Fp E, ZEcr!f£i, Be* 

Profane of Entironmtntol Arthatohffy 
Univtrtilif q/ Ls^ndan 


The study of evolution baa proceeded along two different lines. 
While hiologiets were able to investigate tlie intimate a tree lure 
of the cells composing living oiganisnis and tlius to unravel aspects 
of the mechanism of evolution, paleontologists supplied us with 
evidence for the succession of the forms of Life. Broadly speaking, 
biological evidence has suggestod that changes in tho characters of 
species are sudden and paleontological evidence that they take place 
gradually. Apart from the problems connected with the causes of 
evolution (which are outsido the scope of this discourse), there is 
involved in this differenco the problem of time. 

It was, therefore, only natural that workers on evolution 
interested' in tlie question of how much time was required to bring 
about certain changes in the characters of animalB and plants. This 
chrenological aspect of evolution was stressed by the early evolution- 
ists, like Lamarek, Darwin, Wolioce, Weiamann, and Eimer. But 
paleontology and stratigraphy could do no more Uian provide a 
relative chronology of evolution. For the actual tune mvolved there 
were only gucssca available which were so divergent that no con¬ 
clusions could be based on them. No wonder, therefore, that the 
time aspect of evolution was neglected by lha later gencratiom of 
workers. The guesses did agree, however, m one respect: that, 
measured by human standards, the time avadablo for evolution was 

end of the last century, however, gwlogy has developed 
several methods of estimating geological time m years. Sequence 
of annual deposits, climatic and aatrononucal cycles, ^ ret^ of 
sedimentaUon and the decomposition of radioactive 
been used in a great variety of ways, end the branch of geology which 
is called geoehiStology. has produced a number of time 
the entire history of the cruet of the earth. As is to be expected, many 
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parts of (lie time scales are unci^rtaiii and the margin of error is often 
considerable. But an order of magnitude is gradually emerging and 
various portions of the time scales have boon chocked by independent 
methods and adjusted to each other. They have thus become useful 
instruments for the reconsideriation of the time aspects of evolution. 

It is my intention to introduce you to this fascinating subject. 
Within the limited time available only a few iDteresting i^wnples 
can be given. The treatment of facts and problems ynH inevi¬ 
tably be sketchy* which means that some of my remarks i^dll over¬ 
state the case, while others, which might appear to be overatatemeate, 
are not overstatements. In order to show the applicabilityp or 
otherwisep of some of the apparent rules to different branches of the 
tree of life* examples have been selected from as great a variety of 
groups as possible. 

Let us first discuss the rate of changes in direct lines of desceutp 
disregarding the phenomenon of splitting or branching of the phylo¬ 
genetic tree. What I mean is illuatratod by the pedigree of man, in 
which the numerous brancbes leading to other groups have been 
omitted. In order to attack the problem of the time rate of evolution* 
such a generalized and tentative pedigree \s of course useless. It is 
necesiiary to consider a group for which a close succesaioa of abundant 
fossil material is available. Such a group is that of the horses^ which 
has been well studied in the United States. In figure 1 the chrono¬ 
logical order and the range m time are shown for successive genera 
directly ancestral to Equu^^ the modem horse. From Uiis arrange¬ 
ment* Simpson has deduced the average duration of a hotse genus as 
about 5)4 million voaTs. In column lilp the horae^s ancestors are 
spaced in accordance with the amount of structural modification 
between successive stages* and the amount h measured in arbitrary 
units. It is evident from the comparison of ooluuins I, II, and IIIp 
that the morphological step, for instancep from Epifiippus to 
Atppuf was great, though it did not take more time than the preceding 
one from Or^hippu^ to fijnAippus. Evolution appears to have been 
accelerated in this casCp aa abo from Parahippus to Merychippu>s, 
The remainder of the diagram shows the kinds of morphological 
characters used In assessing the units of column III* and also tho 
trend of evolution in the horses. 

This evidence supplies ua ^ith some interesting mlonnatioUp namely 
(a) that the rate of morphological change b not a simple function of 
time, and (h) that the average period of exbtenco of a horse genua is 
of the order of a few million years. The horses bavo further provided 
an obseivation made by Stlrton, which is worth mentioning. In 
studying tho progressive increase in height (liypsodonty) of the 
check tcethp he uotice-d that at any one point of tho lineage there b 
Qot enough individual difference in the height of the cheek teethp 
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nor even in successive species of ages m much apart as 1 million yearSp 
to believe that the minuto differences present hud any value as a 
dotermimDg factor in eurvivaL 

Ret liming to the duration of a gennSj it will be iuteregtmg to 
consult other groups, to see whether the figure of S}4 oxillion yeara 
found in Iho horsea is more generally applicable. Similar values are 
found in other groups of lilanunalia, such aa the land carnivores. 
For these Simpson constructed a survivorship showing that 

the mean duration of a genus of carnivores is 6li million years. But 
for the bivalve MoUusca, he obtained a mean as high as 7S mlUiori 
years. 

Just to add a few more figures: Swinnertou fouud 20 million years 
as the average lifetime of a genus of Triassic ammonite. Lingua, on 
the other hand, a brachiopod, has been known for its persist-ence &ince 
the Cambrian. Thia genus has lasted over 400 million yc^ara^ From 
this evidence the terrestrial Mammalia appear to have genera of a 
short duration^ hut even this is a matter of a few million years. 

One might be inclined to interpret these different rates of generic 
evolution in terms of assuming that each lineage would 

pass through several evolutionaiy ehangea, each constituting a new 
species, before iho accumulated differences justify one in caUing the 
descendants a new It is certain that this process underlies 

the evolution of tbe horse, but it is conceivable that in other groups 
genera may have ori^nated without the interposition of a series of 
species etaps. The time rate of species formationp therefore, must 
now be considered. 

Selecting again terreetrial forms of life, mainly mammals, as our 
first examples, because more detailed evidence is available, we find 
that since the end of the lost glaciation, some 10,000 to 20^000 years 
ago I only minor subspecies have appeared. The differences are 
confined to body color, slight differences in body proportions^ 
in the devdopmeut of appendages, et^^. The British race of the red 
deer, for instance, has evolved since Britain became separated from 
the Continent some 7,500 years ago. This is shown by fessU evidence, 
since the early postglacial Bpecimene found in the Thames belong to 
the Continental race. Moreover the characters of Cervtls elapkus 
scoiicWi as the British race is called, are probably not fixed genetically, 
since, when the breed was transferred to a favorable environment, 
in New Zealand, it reverted in many respects to the Conti dental type. 
Other examples could be given of the iusigniffcant character of 
Foatgiacial differentiation in apecies. 

Greater differences are observed in some, but by no means the 
majority, of Upper Pleistocene species, of about 50,000 to 100,000 
years ago. For the marmot of that time, for instance, Wehrli found 
that the shape of tbe temporal ridges has since become stabilli^. 
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These tidgea run into the tipper posterior edge of the processus 
postorhitails in a certain number of fossil specimenSp while in recent 
Marmota marmcta. they have moved to the upper side of the processus. 
That this eharacter ha^ become practically fixed since the Upper 
Plejstocenep is shown by the following figures; 

TaBL£ 1 

MofinsCa Infcr^ 

ffl r itfpt 

iFmnO (Pcro^J 

Upper Pleistocene---,^, --—-- -— 33 53 13 

Keeeat _____ ,--- 2 

Forma of thia of v^'ation would, in the reccot fauna, be re- 

garded as eubspeciea. 

Going back to the Middle Fleistocene, about 250,000 yeata ago, 
the differences become more conspicuous, but they arc still treated 
as subspecific by most tajEcnomista. It is only in the Lovfer Pleisto¬ 
cene, about 500,000 years ago, that we encounter ancestral forms on 
which the taxonomists agree that they must be classified as distinct 
species. This applies, for instance, to the European elephants, 
^epkits anti^ua, and the mamnoth, w'hich Soergel has shown to 
haTo oToIved from an early Pleistocene common ancestor, Elephat 
meridionalis. It this view is correct, neariy halt a million years 
were required to produce a new species by way of a gradual change. 
If it is not correct, the point of divergence lies farther back in tbo 
past and the rate of species change is longer. In the lineages of 
rhinoceroses, beam, and deer, similar evidence is available and there 
ore cases in the Eecent fauns which have been explained as the results 
of geographical isolation during the glaciations (the common crow 
and the hooded crow, for instance). But again there are species 
which hsTD changed much leas since the I/iwcr Pleistocene, which 
are regarded as no more than subspecifically distinct from their 
Recent descendanfs and, therefore, must have a dower rate of species 
formation- In the Cromer Forest Bed (about 500,000 yeara ago), 
14 percent of the species arc regarded as Recent, though it is qmte 
likely that subspecific differences will be detected by future revisers. 

Five hundred thousand years, then, appears to be a fast rate of 
species evolution in terrestrial mammals and no faster rate has. to 
my knowledge, yet been found in other groups of the animal king¬ 
dom Let us now consider the question, how long have species re¬ 
mained stable or unchanged? To answer it we have to ^rt to ma¬ 
rine groups. Lower Miocene MoQuaca of Java, for instance, are 
regarded as conspedlic with Recent forms. They have b™ stable 
for 30 million yeara. Survt^g fossils in geoerd, this has to be 
regarded as a high figure, but it need not be a maximum. 
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It is coQceivablo that plant spcdca bcKavs differeatly. Small 
has analyzed several groups of plan La from the chronological point of 
view, notably tlie diatoms. He ciuua to the conclusion that tho meaD 
duration of spedea is measured in imllLons of years. Furthermore, 
ho distinguished in the diatoms long-hTcd species (up to 100 mUliou 
years) and short-lived species (one million years or less)* In other 
groups he encountered shorter ratoa than thifl. Those time rates are 
of much the same ortlor m in tho animal kingdom. But there is one 
interesting diUerenco: while in animals the evidence suggests gradual 
chauge of specific characters. Small regards the changes in tho diatoms 
(and perhaps other plants) as sudden. 

Summarizing, we may say that half a million years is a short life* 
time for a species aiidj so far as our admittedly incomplete avidenco 
goes» some thing liko a mhiimmn^ The lifetime of genera appears to 
be rarely less than 5 million years. Short rates are observed in ter¬ 
restrial groups liko most Mammalia, while long ratcB are frequent in 
mainly marine groups like the bivalve ahells and the diatoms. There 
appears to he a certain amount of correlation betw^een tlio rates of 
species evolution and tho degree of changeability of tho euvironmentj 
slovr ratce being frequent m environmenta Uko the sea lu w^hieb living 
conditions are exceedingly stable. 

Hitherto we havo been diacussing dmngi's in single linea of descent. 
Lot us now^ consider the phenomenon of phjletic splitting. Branch¬ 
ing is a Irequent event in phylogenesis. An ancestral species may 
evolve into two diveigent descendant species by the disappearance of 
intermediates^ or the aocentral species may remain unaltered and a 
new type emeige os a sldo branch. la fact, few groups would survive 
without sphtting, since owing to the action of internal (genetic) and 
external (environmental) factors, many species become extinct. 

If tho rate of splitting equals the rate of extinction, the number of 
species in a systematic category, like a genua or a family, remains 
constant. But if tho rate of splitting is greater than the rate of ox- 
tinetjon, the number of flpcci(?s in the group under consideration wiU 
rise increasingly steeply fllong an cLtponcutial curve. 

There are many different ways in which the rate of apUtting can bo 
plotted in relation to time. I have sdectod tw'o simple methods of 
plotting which can be applied readily to any group from which auffi- 
oient fossil material has boon adequately studied by a taxonomlsb. 
Ono is to plot the aumber of epecles cxigting in any period or sub- 
period, or smaller stratigrapliical division, on the absolute time scale. 
The other consista of doing the same for the newdy appearing apccies 
onlyn. In the fimt, iho surviving speciaa modify the picture. The 
second is a truer presentation of the rate of spUtling, but the material 
is often not complete enough for ita application. 
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Now lot us oomid&r a few examplos. Figure 2 shows the genus 
Sahnia. These aea urchius start in the Ijowor Cretaceous. The 
number of species rises rapidly to a dimax in the Upper Cretaceous 
('increase phase”). Cast^ like Uiis one^ of a rapid, almost sudden, 
blossoming-out of a group were called "eiplosivo cvoUitloii" by Sebin- 
dew olf. Wo may borrow tlio term and call the phase of rapid increaso 
the p^q^Iofiive phase. In jS^«nia it is foliowc<l by a catastrophic drop 
followed by a ^ow "'dedino phase” leading to almost complete 
extinction. Of tho cause of liiis sudden drop we are complefoly 
rant; it is an unusual feature^ as will beocen when olher diagrams are 
considered i 

As regards the increase phasCj wo learn that in Saknia it lasted for 
about 40 miUlDii yearn. 

Figure 3 shows the Brodiiopod gonua Ltn^i^ula. Again it reveals a 
rapid rise in the number of species at ibo beginnings from tho Cam- 
brian to the Ordovician, of the order of 40-50 million years. But 
betw^een tlio increase and the decline pbOpScs, a more or less station- 
aiy'” phase is intercalated^ during which the number of speci^^ did 
not vary gresUy. T.Tie decline phase of sot in w'ltJi the Car* 

boniferous. ft is a long-dmwn-out phase and con tints 08 into the 
present. 

Another interesting case is that of the isodacantlis,. a group of the 
fringe-finned fishes or Crossoptoiygli (fig. 4)* This group never had 
a truly explosive phase. Neverthdesa, tliere is on iJirrcoM phase 
from the end of the Devonian to the TriosaiCp lasting about lOG 
million yeai$. 

One more examplo may bo given, the moUuscan genus PeirWid 
(fig. 5). Here, tho explosivo pheoe in the evolution of the genus 
h 30^0 million years. Other examples confirm that the length of 
the explosive phase is of tho order of a few Khmillion yeam^ tho 
extremes po far found being 30 and 100 million years and ihe mean 
around 50 million years. 

As «m example from the plant kingdom, illustrtUng at the wmo 
time a group wiUi stable, geometrical charMlers liring in an cnTlron- 
meat which changes bul UtUe, dietoms may be shown. Small in¬ 
vestigated the chronology of Ibeir evolution, and tho diagram of 
Flemiautua shown (%, 6) is a traivdation Into our method of plotting 
ol one of his diagrams. It shows a etccpcniiig rise to a dimax in the 
Crctaccotis. The increase phase lasted about 80 miilion years, no 
longer than in groups lining in less stable environ men la, but there was 

a pronounced initial lag phase, ,. * 

Now it is interesting to consider some liigncr Bjatcmaltc categonea. 
One might expect that the explosive phase in the evolution of higher 
systematic umta, like families, ordero, claasro, le longer than in 
genera ■ But this is not soa 
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FifiTHE 2y —DlA^TATti of tlifl ELumbeTB of Epccries fn the K^urctila genus 
from tbo CretAceous to the pre^ot d&}r. (Surface iirea proportiouaJ to tbo 
Domber of Bpooioe.) 



FiOimE 3.—Number of ipeeiaa in the bmchipod genuii from tlw Upper 

Cambnen to the pn^nt day» (SiiTface area proportEoimJ to the number of 
tpedea.) 
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s COELACANTHIDAE 



FidoBm 4.—X>lfl|fnuii sbowiDg fmqii«ii-Qy of epedes of coelKcui^li iit rclAtioo 
to iime. Id tbo Upper Deropl&a the funily DiplEKercldfdAO BouH£h4«^4 1 q tho 
C^rhamferOLi^ it was replftC«cI by the CoeJiwmnthidMp whJcb re#ch®d thtlrcUui&i 
in the Triassk, Tbo amall pumb^r of coelucantba record#d fpom tbe F«rnxI&o 
may not repre^eat their true freiiuency owing to the fact that reUtSvely few 
marhie deposits are kpown from the Permian. Fosaibiyp tlienfor«p tbo rise to 
the cIlEuax In the Triaaslo waa not intemipted In the Fennianp wo Is ahown £n 
the diagram p but was ooutiniiDiia ffom the Lower Carboniferous; if soj the rlsi 
would have taken about iOO million yeftfft and the rate of evolution would then 
bfl ODe of th# alowert known. The coaUiciuithB are regarded ae a vvry con- 
BorvatlTQ group wldoh changed but little in the course of tiiii*. 



"’^‘"palaeogene neogene 


Ficd« 5-Diagram ihowing the number of ne* ipwl^ o* the m^ltiwaa geftua 
/Write app^ to the dilTcrant «ibdWlsione of the Tertary. The 
Timber JWTpeciea P™lc«d te the late Palaegene, w.thm 30 to 40 
Tnititnn yean of the appenranco of it# geau* 
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The first example of this kiud la that of the nDtaliid Foramiuifera 
(%p 7), showing the number of existing genera m the superfamily* 
Again there is a phaae of steepening increase. It lasted from the 
early Cretaceous into the Oligocene^^ for about 70 miilioii years. 
Another case is that of the genera m the brachipod family, Spiriferi- 
dae, with an explosire phase of about SO million years. A third 
example shows the orders in the class of the true fishes. This diagram 



riOGaE 0,—Tbe diatom Iftfifliaufuff, Tbe umaber of gpeeics livinB in any 

period (bloeks) and the Dumber of new specica appearing \n any period {curve) 
from the Permian U> tto present day* (Numerical material from Smaih 1948^ 
Ordiaata scale Mnear.) 



rnniipB-fWI 

TFIIASS»C JURASSIC CRITACBOUS PALAEOGENE NEOGEME 

Fiouna 7.—DUgrana ahowdng tbe number of genora in the auperfamUj Hotalloidea 
(Faraminifera) prei^t In varioua Ecologica] epochs. (Surface area of bloriti 
proportional to tbe number of specreaj 

{fig. S), which is based on Romer's wovk, ia not strictly to scale, but 
there is no doubt that orders like the atuigeons and gar pikes had 
explosive phases of some 20-60 million years. 

Finally, the number of orders within the class of the winged insects 
(Pterygota) must be mentioned. Since about a hundred orders have 
been dbtiDgubhedj it is posaible to plot them m much the same way 
as spedes in a gonus. Once morot on explosive phase emerges^ an 
exceptionally large number of orders appearing during the Upp^ 
Carboniferous and the Permian, over a poriod of about 66 million 
years. 
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DeTDclftf^___ 

Lover CarboDiforoufl. 
Upper €arbaQlf0rou6. 

PeriDUD..—^ 

Mesoioic^- 

Tertiary,. 

Recent, ^__ 
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If this is Accepted os a ralid inference from the mateiHal studied^ 
then tho differonco between genera^ orders^ and daasca must 

lie in the quality of the unit steps involved in their evolution. This 
is not a new idea/ though we have oniYcd at it from a new and un¬ 
expected direction. 

What h meant by the Btatement that the quality of the steps de¬ 
cides the systematie category which h evoMnigj is easy to illuBtrate 
but difEcult to formulate. A good es^ample is the evolution of the 
jaws of the Gshce from gill arches. This ia an extraordinarily interest¬ 
ing case of change of function of an organ. Its real sigixidcancel 
howeveTi is that this change provided the fishes with a decided ad¬ 
vantage over their environment. It opened up new and better food 
supplies andi as Sewertaoff expresses it, ^'increased the general life- 
intensity of these animals.A biting-mouth skeleton is important 
also as an offonslvo and defensive weapon. It is ^ I thinki sufficiently 
evident that this particular change of function was full of evolutionary 
potentialities. Applying SewertzoS^s terminology^ such changes may 
be called aromorphs. 

On the other hand^ if one considers the extreme adaptation of a leaf 
Insect one finds that it has—^to use Sewert^ff^s phraae^ 

ology—led to a deereasa in the hfe’intensity of the animal. No new 
food supplies have been made available by the process of adaptation^ 
and its evolutionaiy potentialities are ml. This type of adaptation is 
typical of the lower ejstematic categories. 

There is another interesting feature that emerges from the chrono¬ 
logical treatment of evolution. It is that there appeal^ to be no 
correlation between fast rates of species evolution with groups having 
a rapid succession of generations. Elephants are among the most 
slowly breeding animals knowm and yet their rats of evolution wdb 
the fastest so far found. On the other hand. Drosophila^ whichi 
because of its rapid succession of genefations, ia so much used m 
experimental biology, is a genus 50 million years old. It appears 
therefore that a rapid succession of generations must not be taken a$ 
a substitute for long periods of time. It is indeed surprising to find 
that the number of gencratioim is not the only factor ruliiig the rate 
of change In evolution and that this change is in a vogue way correlated 
with absolute time. Does this perhaps mean that external, environ¬ 
mental factors are influencing evolution over very long periods of 
time? 1 am unable to enswer this question* or to offer any other 
explanation. 

I hope I have been able to show that a study of the chronology of 
evolution is well worth the effort. The suggestions made here must 


ITlili bam buo jpatPswud^S\lSaraa%Psnm, fof lortaAc*^ bj O, O. filnapm aM R. Oo^dwhuiidt. 
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DOt be token 4s final rcsulto. For the time being the matoriol is 
still too sesanty to make generalizations Buffidently safe. Some of 
the time rates, however, have been found by seTeral workers inde¬ 
pendently, and some of the rules—if one bo allowed to uao this term- 
have been deduced by more than one worker. 
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introduction 

The scope of tbe aubject "anima] behaTior" ia almoat uolinuied, for 
every species has ita own particular pattern of behavior and the indi¬ 
viduals of the Species show many variations even from that pattern, ao 
that the subject could really be made an cjchaustive study for each 
and every species. Although paychologiste have made extensive 
studies of human behavior, actually they have merely made a good 
beginning. Glimpses of animal behavior and some conception of how 
behavior patterns may have developed frequently help in explaining 
human behavior and human reactions, for our reactions ^ the rea^t 
of a long series of experiences of trial and error and elimination by 
natural causes just os has been the case with those of other animals. 
fflmilpr causes have brought about similar reactions in many 
instances and different causes and environment have developed 
different'reactions; there is, therefore, a remarkable diversity of 
behavior pattern among the different kinds of animals (hat hve under 
many different conditions. Those that have not bean able to adjust 
theiielves to ihcir environment have become extmet and are usually 
known onlv by their fosaU remains; those that could adapt then^lvea 
and multiply are the forms that have survived lo the present day. 
The activities in an animaTs life are essentially thoa^e as the basic 

activities of humans. Individuals must sumve ^ to they 

must bo able to avoid enemies, to obtain food and shelter, and for the 
species to survive, the individuab must reprodu^and the young must 
be given an opportuiutv to start their own atrugfijes for survival 
No doubt everyone who has observed ammab clo^y seen them 
do manv things that could not be explained m the light of our ex- 
pcriencii and practices. However, wo must judge and mteitiret the 

IIM. UK p««l 

lltfaMUls “ *110t qOiSttitifiW. 
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scttoos of animals in the light of the itTes thej nonnollj lead in the 
wild. If we are well enough informed as to the oonditiona under 
which they live and their mode of life, we can often understand actions 
that would otherwise be incomprehensible or aimless to us. I do not 
believe that animals do any more aimless things than humans. On 
the contrary, I am often impressed by the direct and efficient 
manner m which they carry on the work of their lives. 

The habits of animals are so intimately associated with and gov¬ 
erned by their structure that one who is somewhat familiar with either 
the habits or the structure can often make rather close deductions 
from one regarding the other. 

Eveiy habit or type of behavior that has been developed because it 
helps the animal in its life U, of course, a special trait. Some are so 
litUe known that attention might be focused upon thpm and con¬ 
sideration given to the manner in which they benefit the animal. 
To understand the animals best, wo must realise that merely because 
wo cannot perform a given act does not mean that an animal caimot 
do it. For example, the sense of smell tn most humans is so unde¬ 
veloped that we cannot trail another animal by scent, as we know many 
animals do. Also, our hearing is so dull wo cannot detect sounds that 
we know many other animals hear. Likewise, other senses of animals 
arc probably so much more keenly developed than ours that they 
ceive impressions or information of which wo know little or nothing. 
For example, some animals give off vibrations that other animals are 
able to detect; the presence of a warm live body can be detected by 
certain snakes at distances of several feet even though their eyes and 
nostrils are not functioning; and apparently impressions are received 
by insects through their antennae and hy fish through their lateral 
lines. i' , . . . 

Ho^w individual animals acquire their behavior patterns is a fas¬ 
cinating field for study. Some actions are apparently taught to the 
young by the parents; some are learned by the young by observing 
others of their kind; some are learned by the trial and error system, or 
as we know it, “by bitter experience"'; and some come to the animal 
by instinct; that is, the animal reacts in a certain way (usually the 
right way) under certain circumstances without previously having 
had an opportunity to leam consciously to act in that manner under 
those circumstances. How such reactions develop is explained by 
various theories and is a separate study. 

ECOLOGY, STRUCTURE, AND HABITS 

Ecologists refer to an animal as occupying an ecological niche, that 
is, the main activities of the animal take place within a certain type 
of habitat. It may Uvo entirely within tlic water, on or under the 
ground, or almost entirely on trees, or combinatioiiB of any of these. 
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and its food is definitely limited by the products that it can obtain In 
the habitat which it occupies. Animals that do not use the same food 
or are not antagooislic, because one docs not prey upon the othcrj 
can occupy the earns areas or overiapping areas, so that ecological 
niches do not have definite, clearly de^ed boundaries, but are rather 
areas or space spheres of activity ^vtog also a time component. The 
structure of the animal to a large extent governs tho type of ecol(^cal 
niche that it may occupy, since through evolution the anlmars form 
has been modified to adapt it to the type of ecological niche that has 
been available to its long line of ancestars down to itself. Thtis wo 
can to some extent explain and understand the great variety of forms 
of animal life. 

Wo might consider two little creatures of approximately the same 
size which occupy different ecological niches anti arc very different 
in structure, and see how they fit into their r^pective spheres. These 
are golden hamsters (Afasomcctus a-araivts) and "flying” squirrels 


(GZaticomys solan$). 

The golden hamster of Syria averages aimut 4 ounces in weight, 
with a maximum of alfout S ounces. It is a stout-bodied, short-necked, 
shorb-aimed, and ahort-lnigged little mammal with short fingers and 
toes and a tail only about half an inch in length. It has very large 
chock pouches that open inside the lips and extend far back of the 
eboulders, in which it can carry Eurprising loads of food or nest matOr 
rial. It is rich golden-reddish brown above and white beneath, with 
white hands and feet. The little creature ts an inhabitant of an arid, 
rocky region where it lives mainly among rocks or in burrows in the 
ground around the rocks, Syria's climatic conditions result in a 
scarcity of food material for such little creatures for long periodfi of 
time; therefore, the storage of food is necessary and the cheek pouches 
are of great value in carrying food to its burrow or den. It works 
ioduslriously at this, apparently the only limit to the ^ount of food 
it enniefl bring determined by tie amount that is available. 

They are irlativelv slow-moviog, clumsy little creatures in com¬ 
parison with many other animals that wo know, but are obviously 
well adapted to leading their lives m an efficient maimer m their 
habitat Their movemeiits reJ^ind one of military tanka m that they 
are slow, ponderous, and persistent. There is nothing sprightly or 
aeile about them, but if they want te go in a certam direction or up a 
wrtaiu surface they keep at it so pemistently that frequently they 
succeed, aud they can wedge themselves tlirough surpnsingly smal] 
crevices Tliev ^play remarkable persistence and determination to 
get into crevic^ that would seem to be so smaU and uncomfortable os 

not to be attractive to them, ^ t *i v j 

The mouths of rodents are definitely on tho imderpart of the h^d 

and back of tho noaa, makiog H difScalf f«r torn U> cut upward whan 
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in their DormAl position, Tho &nijDSt1s boIvc this ptoblem verT 
readily, however, by throwing Uienttselves on the beck or side and 
cutting upward with their teeth. A picture of such an effort is shown 
in which my '‘Shehammy" has thrown hci^elf on her hack and is 
trying to cat upward on the lower edge of a door so that she can 
squeeze through the crack between it and the floor fpl. 1, fig. 1). 
This aperture was only aeven-eightha of an mch high and, when she 
tried to force her way through it standing on her feet, she was much 
too thick and her body was much too tense, but in the inverted posi¬ 
tion she extended her anna forward so that she was able to get a grasp 
on the lower edge of the door and puD herself through the crevice, 
which she did repeatedly. This "hammy," ouo of my pets, did it 
regularly, and 1 have seen other rodents do it occAsionally, 

Frequently one of my golden hamstara, when permitted to run 
about my study in the evening, tvould clamber up in the crack between 
a bookcase and the wall a foot or more above the floor and slay there 
for a considerable time, Sho usually rested by bracing her feet 
against the w'all and her back against tbs bookcase and apparently 
was content to stay in that position. This suggests to me that these 
animals adopt such a position as a means of being comfortable in 
fissures between the rocks among which they live* 

When bomstera want to get down from an elevation that they have 
reached, they apparently do not tiiirik of jiimping down even a few 
inches, but lower themselves as far as poasiblo with the bind feet, 
sustaining tliemseJ ves by the top of the hind feet, which are bent at the 
ankle. Next they neleasa one foot and then the other and fall head 
downward, usually landing on their noses, but sometimes on their 
backs (pi. 2), They then sit up, sneeze, rub their noses, and go about 
their business. It ivill bo noted that they do not utilize their hind 
claws or toes which are too small to bo effective. This method, 
while probably a relatively inefficient action, has persisted because 
it is not Seriously harmful in the rirciimstances under which they 
live, and la the best they can do with their short fingers and toes 
which are not of much use to them for such descents. 

At night, when foraging for food, hamsters apparently spend very 
little time eating, preferring to fill their poticb», take the load of food 
home, and return for more (pi. 1 , fig. 2). Jn this way they gather 
food W'hen it is available and eat at leisure Id their nests without 
being exposed to danger. During the daytime, llieir sleeping period, 
they frequently wake up and eat, probably consuming much more 
food at this time than during the night when they are actively foraging, 
grooming, exploring, or visiting their noighhois. 

When "hammies” are away from their homca or other shelter and 
there is a sudden alarm, they dash for shelter vith surprising speed for 
little folk with short legs but if they are toucbecl or attacked before 
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they can get away, th^ throw themselvea on their backs incredibly 
quickly and are prepsied to fight savagely with their sharp, fairly 
strong teeth and tiny daws. If they are in their nests, they pay little 
attention to outside difitnrbances, at most snlfiing from just inside the 
doorway. 

Baby "hammles'' arrive in Utters of as many as 17, tiny, bUnd, 
naked, pink, helpless little fellows that lie on their hacks and nurse 
while mother “hammy" hovers over them to keep them warm in the 
snug cup-shaped nest ol fibers she has constructed in a remote portion 
of the burrow or den. The Uttle ones e™™" Teiy rapidly, and by the 
thirteenth day they hovo a good coat of fur, are eating solid food, and 
begin wandering about in the burrow*, den, or cage. Even though 
their eyes are not yot open, they find their way back to the nest if 
mother has not detected their absence and carried them homo. By 
the fifteenth day their eyes are open, and by the seventy-third day they 
produce babies of their own. They bear large famiUes iti rapid suo- 
ceesion but cease to breed regularly when about 1 year old, and the 
life span is short {probably a maximum of about ii years). There is 
a high mortaUty rate, probably throughout life. 

The structure aud lives of the flying squirrels (Qlaucomys volatts) of 
North America are in marked coutrast to tliose of the bainater. 
Flying aquirrels weigh about 3 ounces, have slender bodies, long, 
slender, strong arms, fingera, legs, and toce with fairly long, curved 
claws, and a rather long tail. Theskin of the body is much laiger than 
is necessary to enclose the delicate little form and is extended outward 
along the side as hair-rovered membrane indiatitjgui^able from the 
skin of the body. Thb Bkin reaches down to the wrists and ankles, 
so their outline is alntost square when the little creatures put their 
anna forward and out and their legs back and out as they do while 
gliding through the air, This adaptation more than doubles the area 
of the upper and lower aurfaces as it appears when the animals are at 
rest In keeping with this form, the hairs of the sides of the tail are 
loug and closely set, and project at almost right angles, whereas those 
of the upper and lower surfaces arc very short and lie close to the bone 
of the toil, ao that the tail is, in cross section, a^ost like n feather. 
All these are modiBca-tions for life in an entirely different habitat from 
that of the homatcr. 

Flvinc squirreb five amoog the trees, generally making them neats 
in hoUW limbs, old woodpecker holes, or other slmltcrs high above 
the ground. They air sirictJy nool^, havi^ ve^ large eyes 
adapted to admitting die maxurnim light avinkhle. They are not 
limited in their movciuenia to climbing up and down the trees or to 
mere leaping between obi«:ts, for their remarkable form giv^ them 
nower to (fUde long dislmcos. To do this they seek on elevated pomt, 
E^p oi!t into apsM and spread their arms and legs ao that they take 
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on the form of miniature glliiots (pi. 4^ fig, 1), When approaching a 
landing, which they generally try to make on a tree or other obj^t 
not on the ground^ they swing slightly upward to check the glide and 
bring their long arms and legs forward as shock absorbed (pi. 4, 
Instantly upon alighting they dart around to the other side 
of tho tree or limb^ whicli is probably a provision to escape any 
enemy that might be foUowing them. 

Before flying squirrels take off on a glide they almost invariably 
sway the bead and body as far as possible first to one aide then the 
otheFp repeated several times, and often raise as high as they can 
stand and crouch as low ns po^lble. This ts probably a sort of range 
finding by triangidation. 

They feed veiy largely on nuts and acorns which they gather and 
store m their nests and probably in almost any location in the forest 
in which they can find a cavity that is large enough to hold a nut 
flecurely. I assume tlilg from the fact that my pets regularly place 
nuts at many places about the houoc other than in their nest box. 
They particularly selected the top of the window, the medicine cabinet 
IQ the bathroom, my hand, my pockets^ msido my collar, and even 
the depress ton betweeu my arm and body when I have my ann close 
to my body* When placing nnla, they have an interesting habit of 
trying to make them secure wherever tlicy are leaving them. They 
forco them into the crevice or onto the surface where they arc leaving 
theiUp then tap Lhem three or four tlmca with Uioir front teeth. This 
suggests that they probably sunilarly try to wedge the nuts in crocks 
in the bark or alight depressions on the tops of tree hmba in the wild. 

Tn addition to nuts and seeds, they eat some fruits, berrieep and 
insects. My pete eat mealworms^ graashopperaj and small bits of 
meat in moderation. 

Giauckica*^ (short for their scientific name) arc veiy hesitant 
about going down to the ground^ feeling much more at home leaping 
about in the trees, gliding from place to place; however, they wull go 
down on occaalon. When they do so, they are plainly not at home 
and nm with the anna and legs extended so as to hold the body as 
high above the ground as possible, the gliding membrane being 
pulled upward close to the body so that a very pecuhar effect is 
produced. 

Instead of sleeping soundly and ignoring disturbances in their 
neighborhood, as do the hammies and many other burrowdtig creatuios 
who know they are safest in their dens, tho flying squirrels sleep 
lightly and at the least diaturbanco tn their neighborhood they peer 
oat or dash away. 

^^Ghuickiea^* are born m families of two to six pink, hdploas iitUe 
ones, with tho gliding membranca plainly evident. They develop 
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slowly, s.rs not wsU clothed in fur until about the twenty-eighth day, 
and continue nnrsing until about the fifty-sbcth day. In recognition 
of the dangers of an actiTp life in troea, they, like young tree squirrela 
start out exploring near the neat with great caution, and 
venture farther and take more chances only as they gain strength, 
experience, and coniidence. Their gestation period is about 60 days 
and young ore bom when the parents are about 1 year old. 

These brief deBcriptions of the widely different hamsters and fiyiug 
squirrels, which inhabit very different ocolof^cul niches, give a glimpse 
of the specialization among animals which enables them to survive 
and to lead their lives under diverse conditions. 

Giraffes have developed such a high degree of specialisa¬ 

tion that they arc able to fill an ecological niche without competition 
with other mammals except in those portions of their range which 
overlap that of the elephants. Much of the food of the giraffe is 
taken from the upper portions of shrubs or from the lower branches 
of trees far above the reach of most mammals, In addition to its long 
legs and very long neck, the giraffe has elongate, mobile lips and can 
extend its tongue several inches to help It gather in leaves and twigs. 

Tho moles (Sica/cjnrJ? and other genera]!, which burrow in the earth, 
are blind, have p.xccedlngly short forelimbs, with noso and tail very 
sedsitive to touch, large, powerful hands armed witii long, strong 
claws, and very strong muscles in the fore part of the body, particularly 
those associated with the arms. The fur is very soft and short sjid 
will lie in any direction; thus It does not impede the mole when it 
desires to run backward in its burrow, which it often does. Moles 
feed on earth worms, grubs, and other amall animal life they catch in 
the earth. (See pL 6, %. 2.) 

In marked contrast are the gibbons (Ilylobaks and Symphalanpiui), 
highly specialized members of the primate or mookey group. Their 
nrmij are exceedingly long and powerful, wdth elongate hands and four 
strong fingers, the thumb being small and situated for back on the 
hand, The legs are rather long, and the feet are better fitted for 
grasping than are the hands. The body Is small. Th^ adaptations 
enable gibbons to be the most expert of all mammals in swingmg by 
their anna through the forest from branch to branch and even from 
tivfl to tTWP In this process the hands are used as hooks, the tliumb 
Tpart inl^sping. Since the hands are usually occupied 
when traveling through the trees, gibbons carry objects such as food 
or branches by grasping them with tho feet. The same method of 
carrying objects is used by chimpanzees (T^nn) and orangutangs 

^ ^Vh^as tho gibhons, chimpanzees, gorillas (ffori/ia), and orang¬ 
utangs lack taiU, the spider monkeys (AitUs) of Central and South 
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Amerism possess long, prohcDsile tails which they use in many 
ways, especially to bang by or to use os a supplamentarj hand 
in steadying tbemsdvcs. In the picture (pL 11) it will bo scon that 
one of the animals is using its tai] to hold itself while It leans far 
forward. On one occasion I saw botgd spider moo keys in this group 
leaning fonvard, hold by their tails, watching for the door to open so 
they could go into the house for their aftemoon meal. 

Some rodents have laigOj powerful incisor teeth that protrude 
much more than those of the majority of rodenta, and one naturally 
surmises that this trait is associated with some habit peculiar to them, 
which indeed it is. The animals possessing such teeth use them in 
hurrowlngj that is^ they cut away the earthj remove small stonesp 
and cut roots* thus performing most of the functions that the powerful 
hands of the mole perform and;, in addition* do the cutting work 
w'hich the mole's bands cannot do. Some other rodents, and many 
of the insGctivores also, have projecting incisor toeth* but these are 
relatively small and slender and are obiously not suitable for such 
heavy work as diggingp mo’^dng small atones, or cutting. These are- 
used as forceps for the picking up of food* which consists mainly of 
small fish, insects* or worms. 

Such animab as the kangaroos {Macr<^s), the kangaroo rats 
(Dipod^y^), the African spring hare or spring boss the 

jerboas (Atactaga, Scarturus, Salping^dn^) and others have large* 
long, powerful hind It^, relatively amall, weak, short forelegs* and 
long tails which are either tufted with long hairs near tlic tip or are 
rather heavy, often very thick near the hese (pi. 5* fig, 1), These 
animals are leapcra and use the hind legs almost oxelnaivcly in propul¬ 
sion* The tail is a balancing rnemberj it also acts as a tripod leg 
in aome forim. 

The types of leaps of different animals vary greatly. One interest* 
mg difiercnco is the contrast between tho leap of the flying squirrel 
an animal that leaps directly toward its objective with a veiy flat 
trajcctoiyj often planning to land below its target and then climb 
up to it* and the leap of the torsier (which has a very high 
trajectoiy and lands the kapor at its objective* After becoming 
accustomed to photographing the leaps of flying squirrels* I tried 
photographing tarsiers leaping and aimed my camera as I would 
for the squirrclB, With the pronounced leap upward of the tarsier, 
I at first caught only the tail and hind portion of the animal in the 
upper portion of the pioturc- Alter a few such dcperiences I kamed 
the difference in their leaps and corrected my aim accordingly. 

The list of suiih highly specialized forms could be expanded indefi¬ 
nitely to include representatives of all groups of animal life, for 
every animal is specLafized to lead a certain type of life* 
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cleanliness 

Almost all animals are fastidiously deanly about their persons and 
their homes. Because of the fact that many animals lire on or in 
the ground or on trees or other surfaces that frequently are dirty 
according to our standards, wo often erroneously consider the animals 
to bo uncleanly. As a matter of fact, practically CTcry animal takes 
great pains to avoid soiling its coat, and when it does unavoidably 
become soiled, the animal at the £iat opportunity painstakingly cleans 
itself by shaking, rolling in the sand, waging in water, or licking itself. 
Even those pests, the common Norway rat, roof rat, and house mouse, 
which have found that they can obtain food and ehdtcr in man’s 
61 thy surroundings, endeavor to keep tbemselvs deann. If they are 
observed when not alarmed, it will be seen that they carefully pick 
their way through their eurroundings in an effort to avoid soiling 
themselves, and after they have finished their exploration they will 
invariably be seen to groom carefully. If ono will part the fur of 
small Tyiii.TnTnftta it will be seen that the skin is generally immacidately 
clean. 

A star-nosed mole {jCoTtdylvra cru/ofa) that I am keeping as a pet 
comes out of the ground, goes into a dish of water and at once begins 
grooming. In a few minutes it has washed iborougbly. 

Animnla have dcvdopcd many ways for keeping themselves and 
their neats clean. Apparently flying aquirrels rarely void excreta 
duriiig their entire sleeping period, which may be as much as 16 houis. 
Obviously they wish to keep the inside of the tree or other nest loca¬ 
tion clean, so wait until they go out at night when they can see 
clearly and there is a mimmum of danger from outside enemies. 
Many of the burrowing mammals have little toilet rooms that open 
off of the main borrow where they deposit their excrement, thus keep¬ 
ing the main burrow clean. Young North American opossums 
{DidAyhii vvgvMuma) of an ago to be in the pouch or still be clinging 
to their mother apparently do not release their excretion unless they 
are stroked on the lewer abdominal region. This is probably a pro¬ 
vision for keeping the pouch dean until such time as the mother is 
ready to clean the httlo ones. 

POSTURES 

The new-boni babies of many of the small mammals nat orally Uc on 
their backs. This leaves them in the proper position for nuraing 
when the mother hovers over them, protecting them, hiding them, 

and keeping them warm. .i, - u l * 

Most hoofrai animals do not volimtanly sit on their haunches. A 

horse assumes this position briefly wben getting up, but this does not 
constitute true sitting. The exceptions to the rule are the tapirs. 
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wliich frequently sit on their haui^cbes with tha forefeet supportliig 
the front part of the body (pL 14j fig. 2)* 

A positIoi:i that would appear to us to be unoomfortable is regularly 
adopted by flying squirrels^ which uonnaJly live In hollow tre^s. The 
body bangs in a Tertical positionj either head up or head down^ Glia' 
ponded by the fingers or the toea^ moat of the load actually being on 
the fingernails or the toenaila (pi 3, fig. 1). They sleep in such poses 
at least a portion of the time. The hanging position h probably 
assumed as the result of having accommodated themselves to eituationa 
where there is no eatiafactoiy ledge or bottom in tho den,^ so that a 
tree cavity that would otherwise be unsuitablo can be utilized by 
dinging to ita rough eurfac^. However, they now take this pose 
freely even when comfortable nests or rests are available. Of course, 
they also take other positions such as curled up in a ball or lying on 
the aide or Uie back. 

The inverted position bo often used by sloths (Ch^^toepuSj BradypuM^ 
and jSwwopiitjJp wherein they hang beneath a bmb, is weU known and 
ia entirely euitable for their purposes* Bats generally hang bead 
downw^ard. 

HOMING instinct 

When an animal has become established at a given loeatioo, it 
almost in variably devdops a strong attachment for its home even 
though such home does not provido entirely satisfactory quarters. 
Almost every animal has a rather definite area in which it lives its 
entire life, and it rarely leaves this range except when forced to do so 
by veiy unusual circumstances. This is commonly shown when 
captive animals eacapOp for they usually remain nearby for some time 
and frequently go back into the cagess if they are able to do bo. People 
who ore familiaT with animals regularly lake advantage of this trait 
by leaving the cage door opeUp refraining from frightening the animal 
and placing food in the cage or nearby until the anima) is recaptured. 

On one occasion I was keeping a specimen of the least short-tailed 
shrew (Cryptotu parm) in a jardiniere. I had observed it trying to 
leap out, but it is not adapted to leaping and was apparently unable 
to reach the top. After a few days I discovered that it had escaped 
during the night probably by superior jumping gained by persistent 
exeTcise. It vras so tiny that it was useless to search for it in the 
bouse, BO 1 waited until evening end then placed the jardiitiero on the 
floor almost directly below the place at which it had been standing on 
my desk. I crumpled around it an old blanket so that it formed a 
ramp or runway from the Door up to the top of the jardiniero. I then 
mashed a mealworm and dragged particles of it in a trail on the 
blanket from where it touched the floor to the top of the jardiniere. 
Within a couple of hours the little fellow waa back in his homo. 
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PlBinly he had como to recognize the jardiniere Bs home and was glad 
to get back to it when it was made possible for him to do ao. 

Remarkable developments of the trait of returning to the home 
range are shown by carrier pigeons and hirds^ tnanunalsj 

and fish that migTAte. 

SELF-PRESERVATION 


Humans ordinarily give little thought to the matter of Belf-presorva- 
tion, although it becomes a 'rital subject during wartime. Among 
otheranimalBitiseverforeraost. Enitahroadestospects self-preserva¬ 
tion involves not only active and passive resistance to enemies, but 
also the ability to obtain food and ahdtcr, Huninns have recently 
had brought to their attention the fact that they, like other animals, 
must either be prepared to defend tbomsolvea or run away when an 
aggressor attacls or threatens. If there is no place to which they can 
escape, or if they cannot successfully fight off their enemy, they have 
only the alternatives of Iseing subjugated and made slaves, as some¬ 
times happens among humans, or of being destroyed, which in the 
case of animals may mean being devoured. 

There are very few animals that ore aggressive to the extent of 
trying to drive away or subjugate their neighbora merely for the 
pleasure of the victory. Ordinarily, they will start a fight only when 
it IB necessary to obtain food, shelter, or a mate. 

The methods used by animala to avoid, escape, or defeat an enemy 
are almost as numerous as the species of animals, for the mdividuals 
of every species employ one or more methods. All are interesting 

and seme are veiy remarkable. , , ■ 

The seeking of shelter is the most common of passive defcnaivo 
measures and is practiced to a greater or less degree by all animals. 
Some go into burrows in the ground, crevices in rocks, or holes in 
trees while some of the larger ones retreat into dense jungles or 


'■Freezing," the act of remainii^ motionless, is extensively employed, 
as at Uro fii^t intimation of donger almost ovei^^ animal ceasca prao- 
ticaliy all movement. Since an object which is veiy coi^icuoua 
when moving is readily overlooked when statioDarv, freezing w a 
hiebly successful means of avoiding detection by enemies. Even 
those that depend mainly on their ability to scent their prey may 

have difficulty locatiiig it if they cannot ^ xt. 

Rabbits and hares (Leporidae), quail (C7oixnt«), and grouse (Tctr^ 
onidae), when perfectly stUl in their native haunis, are very difficult 
to see ^ and often will not move unless one almost aUpa on them. 
This metJiod of escape is applicable in almost any type of sn^undmg, 
even on seemingly barren plains or exp^c^ of snow, it ^ 
eflective of courae, if the color pattern of the animal is auch that it 
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harmonizes and blends with the surroundings or if the outline of the 
animal is obliterated by some typo of camouflage. Most animals are 
so colored that they blend perfectly with their surroundings, some, 
Guch os the ptarmigan {Lagopusy, certain hares {Lepua), and weasels 
or ermine fMwefefffl), oven changing to white in winter to blend with 
the snow. 

Among insects, camouflage and mimicry have been developed to a 
high degree of perfection in many species. Some resemble their 
natural Burroundings so closely that they are difflcult to dUtingnslb 
even though one is looking directly at them. Resemblance to dead 
or greoD leaves or stems is the most common camouflage, the pattern 
and form of the insect being modifled to a strikingly perfect imitation 
of the color and form of those parts of the plant on which the insect 
usually lives, in the type of specialization known as mimicry, one 
species of insect very closely resembles and usually behaves like 
another w^hieb is distasteful or dangerous to animals. By this 
resemblance the imitator is often let alone by an animal that miBtokee 
it for the undesirable insect wdiich it resembles. 

When it is not possible to avoid an enemy, some animals ubc a more 
or less passive metbod wbicb is well UluBtrated by the armadillos 
(ZJtwypuf, Tolgpaiteat and related genera) which roll themselves into 
a ball, completely protecting the feet, tail, and head within tho armor 
plate of the body fpl. 6, figs. 1 and 2). This method effectively 
baffles many animals that would ordinarily devour them, and w'hen 
the would-be attacker becomes discouraged and leaves, the armadillo 
unrolls itself and goes about ita business. Another method is the 
feigning of death, which is welt illustrated by the American opossum 
which, when alarmed, falls on Its side with tho mouth partially opened 
and appears so limp and inert that it is often left for dead by animals 
that would vigorously attack if they surmised the animal to be alive. 
Apparently opossums are uupalatable to mauy animals, so that this 
means of proteetiou is very effective. ^Yhon danger ceases to threaten, 
the opoBsum gradually resumes activity, but if the attacker is merely 
waiting nearby and makes a movement, tho opossum will usually 
again go into its death-feigning act. It is suppoeed that this behavior 
is a type of fainting induced by fright and is perhaps not actually 
under the control of tho animal. Wliou the hog-noBcd snake of the 
eastern United Slates, frequently called spreading adder (Hettrsdon), 
feels itself in danger, it feigns death, throws itself on its back, and 
assumes various grotesque poses if it is seriously aggravated. It does 
not, however, do this unless tho annoyauce is great and continued. 
Many insects feign death when a disturbance occurs in their vicinity. 
This is iUustrat^ by the many beetles that inhabit low shrubbery, 
wdiich drop from their elevated locations to tho ground and remain 
quiet or quickly toko refuge in a more protected location. 
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One of the most remarkable modificetions of feigiung death of 
which I have heard was witDeaacd and described to me aa follows by 
John K. Hamlet, of the United States Fish and Wddlifo Service; 

Three of ua recently saw a Cooper’i hawk {AceipUtr eooptri) chaw a spotted aand- 
plper mac idarw). The p iper dropped into Iho water and atayed under for 

several seconds. The Cooper's U on the stream edge a few yards down the 
stream. The sandpiper came to the surface and floated down the Btreaiii with 
its wings open Jlnt on the water and ila neek stretehed out. It pass^ within 3 
feet of the han'k who gave It no more than a casual glance. The piper Seated 
down stream about 20 yards and took off and disappeared. 


The live sandpiper drifted close by the liiiwk but was not recognized 
because it ivas not moving in Jts usual pose. TLis is a cboice cjcample 
of the eflectivenesa of "freez^” and assuming an unusual pose. 
Mr. H&nilet has witnessed similar action by sandpipers on tw'o other 
occasions. 

Bluff is another effective defense that is employed by many animals, 
lls best form is for the animal to face its enemy in a pose not usually 
assumed by it and that makes it appear as large as possible, ferocious, 
and threatemng. Many, if not all, of the owls [Strigifonnes) bluff 
by crouching low, spreading their wings at almost right angles to the 
body and ruffling tho body feathers until the bird appears several 
times larger than it really is. The bittern docs likewise, and moat 
mammals bluff to some degree. A good example is the dw arf weasel 
{Mmtela rixoaa campestrU), only about the size of a cigar, who stands 
his ground, opens his mouth wide, barks, and even attacks if need bo, 
although its teeth and jaws are so amall it can scarcely break the 
skin of one's hand. The domestic cat's tattm) high-arcbcd 

back bushed-out tail, and wide-open, snarling mouth present a good 
e.vample and manv of us have witnessed the bestitation of a dog 
suddenly confronted by such an attitude. Often this heallation 
Hvea the cat an opportunity to escape without having to %bt. 

Figbting for mates is definitely beneficial to tho speciea, for by 
nature's law of tbe survival of the fittest, which must prevail through 
all species, only those survive that are best able to lake care of them¬ 
selves This taken in its broadest eenso, includes not only physical 
strength but mental alertnesa and adaptability to varying and new 
oonditions. Males that are physical weaklinga and would not father 
vieorous offspring are ordinarily vanquished in eucountera for mates 
and therefore leave no progeny. By this process nature bos cons^t- 
ently eliminated the unlit and has improv^ each of the specie. 
The occasional maiming of individuals m their conflicts is not m 
itaelf injurious to the species, as such mutilations are not inherited 
and if Uie parent was vigorous, the progeny stand mcceUent chances 
of being vidimus even though the parent may have been injured in 

aoipe of ita conflicta^ 
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Among onim&Is tliAt Uvo in colonies or in herds, conflicts aro gen¬ 
erally rare except among males that are fighting to determine who 
shall be master of the herd, as In the ease of bison. However, on one 
oecBHion I witnessed a definite fight in a prairie dog colony. 

In this case the aggressor was outside of the burrow and trying to 
keep another one in the bnnow and, at the same time, to fill the 
burrow with dirt to bury him. Several others were within a few 
feet watching the proceedings but taking no part in It although it 
was obvious that they sympathized with the '“underdog.” Whenever 
the one that was In the burrow would attempt to come out, the one 
that was outside would try to bite and scratch him, and, when he had 
him forced back into the burrow, would scratch and push earth into 
the entrance. Finally, after perhaps 20 minutes, be lost interest and 
left. The bystanders almost immediately went to the burrow, greeted 
and apparently sympathized with the oue that had been attacked, 
and in a few minutes the normal hfe of the colony had been resumed. 
This method of fighting by trying to imprison the victim Is also used 
by prairie dogs in cloaUig the entrance to the burrow which a snake 
has entered. 

ADAPTABTLITY 

The readiness with which animals accept approaches or friendlinesfl 
of man varies greatly. Some seem to be so thoroughly im1>ued with 
caution and suapicion of mau's intentions that they can be tamed 
only with the greatest of effort. Others respond, almost inuuedialcly 
to handling and friendly treatment. Examples of the latter are the 
gray foxes of the United States (f/rocyon) which tame very readily 
and in marked contrast to the general wariness and alow tjming of 
the red foxes (Vtifpes). The beaver {Castor) is another animal that 
tames easily, sometimes merely a few hours of kind treatment being 
sufficient to win its confidence. Young hair ecaJs {Phoca) also tame 
almost inuncdiatcly when captured. Usually they seem to have no 
fear when picked tip, looking to their cap tom as friends and becoming 
affectionate pots, sometimes swimming after a boat that is leaving 
them behind after its occupants have picked them up and petted 
them briefly. 

Penguins are fearless and very curious as to visitors on laud or on 
the ice or snow where they normally have few or no enemies, but in 
the water they are cautious as there they are accustomed to watching 
for enemies such as killer whales {Orca), sea leopards {llydrurga), and 
large fish. 

Another phase of the adaptability of animals is the degi eo to which 
wild animals can survive where man has established himself. Moat 
of them appear to have no fear of maD's presence and his activities 
so long Rs they are not actually molested and their haunts and food 
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supply ftre not destroyed. Wo cAn ace nmnertnis examples of animals 
that have gone ahead fairly successfully with their lives when man 
has not interfered too much with conditions essential for them to live. 

Another group consists of animals that thrive in close proximity to 
man and either become a part of man's household and receive his 
direct aid in their existence, or adapt themsclveB to the conditions 
that man provides and obtain food and shelter in spite of his utmost 
efforts to control them. Jn this group are the Old World rats 
and mice (A/«s) that iiave become established almost throughout the 
world wherever man has made settlements. Other examples are the 
European bouse sparrow (Passer iomtstiinis)^ commonly called English 
sparrow in tlie United States, and the European starlipg (Sfurn^ 
vwf 5 «rts) both of which have become firmly and widely ^tablished in 
North America. Thcao two birds, like the rats and mice, have be^ 
come pests in some regions where they have adapted themselves to a 
remarkablu degree and have become very plentiful. They have found 
sufficient food and shelter around man’s activities so that they have 
thrived where other less adaptable forms have not been able to sur¬ 
vive. Indeed, in many cases they fight the native birds and take 
over the ecological niches normally occupied by the local birds that 
are less adaptable and a^reaaivo and have not been succossful in 

defending their territoiy. , . , 

It Is sometimes said that there is a third group of ammals compnsing 
those that cannot tolerate proximity to man but, if we study the 
problem, we usually find that man’s activities so changed cooditions 
essential to them for food or shelter that they could not survive, or 
ebe that man intentionally killed them off. 

Most animals, if given to understand that man will not harm them, 
will become tame, and if man will feed them it is surprising how 
friemUy oven very wdd kinds will become. I have a pet big brm^ 
bat (i?Btesicwa/u^) that in a few days became so tame it would 
return to mo after each of its flights about tho room {pi. 13, fig. 2). 
Even when 1 awaken her she makes some effort to overcome her 
stupor and come into my hand to be wormed preliminary to taking 
her evening flights and receiving mcalwomw, of which she la very 


Chipmunks (Tamim) that have been tame during the sutler or 
fall then go into partial or complete hiberaatiori and are inacUve 
for a period of from 6 to 6 months, come out in sprmgtiine and 
resume their friendships and frieodlmesa practtcally as though they 
have not been interrupted. One individual that came m the window 
onto my desk and was so tome that I took a picture of it while it was 
on my hand obtaining food, returned the foflowing spnng and re- 

itntb. sieirJiir '« ^i. is®, a « ol UDdf st 

bi(L 
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aimied our reUtionEhip where it had broken off with the hagimung 
of bad weather the preinoua fall. 

Another example of tho confidence of wild creatures is the case of 
two flying squirrels that are greatly loved guests in our home. They 
have auch fondness for hoth my wife and myaelf that they want to 
he with ufl at every opportututy^ even to deeping in our pockets. 
They leap to us as a means of quick locomotion and for the pleaBiiro 
of the leap and glide (pi. 4, fig. 2). Their behaviour has been treated 
at some length in the National Geographic Magazine for May I947j 
"Flying Squirrels^ Nature's Glidora.^* 

OBTAINING FOOD 

The obtaining of food is an ever-present problem for aU atumals. 
With some it is apparently a very simple process; with others it brings 
into play the use of the special stmeturea wiih which nature has pro¬ 
vided them. The foodie tting habits of practically every animal 
would make an int'ercsting studyp but only a few of the widely differ¬ 
ent methods can bo mentioned here. 

The pecuUarly shaped bill of the flamingo which 

looks as though it had been broken in the middle and the tip hont 
downward^ is used in an interesting manner. As will be seen from 
tho picture {pL 7^ fig. 1), the bird extends its neck almost etraight 
downward p w'hlch brings the upper portion of the bill closest to the 
ground. The edge of the bill then scrapes along the ground in very 
shallow water, and the lower iiiandil>le opens and closes rapidly* 
The water thus scooped into the mandible is strained between the fine 
laminations of the upper and lower mandibles and then dischargfMl 
after the minute crustaceans on which the flamingo feeds have been 
Btraincd out. 

KclatJves of tho flamingo are the swans and other water fowl 
(Aoatidae}p many of wrhich obtain their food in fairly shallow water* 
They eat a wide variety of plant and animal materid auch as seeds, 
green leaves, tubers, fleshy roots, moUuaks, and cmstaccanH, and a few 
of them eat some fish. When the food is not too for below the surface 
of the water, they "tip up"' so that they can extend the neck and head 
to the maximum distance below the surface (pL 7, fig, 2J, Others dive 
for their food. 

Herons (Ardoidoe) feed mainly on small fish, frogs, and other 
animal Ufa, which they obtain by standing practically motionless in 
the water and waiting for the unwary victim to come within reach* 
They suddenly extend their long necks to a surpriaing distance and 
catch the prey before it has a chance to dart away* They may stand 
in such a position for hours at a time waiting for their victims to 
approach. 
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A very different method of obtaining food is employed by the birds 
of prey CFalcomfonnca), which catch their victims by a quick swoop. 
An outstandii^ example of a bird that employs this method ts the 
falcon (Faico), which while soaring or flying almost out of sight will 
detect a bird in flight, or a bird or small mammal on the ground, dive 
from thousands of feet at Bpeeds of as much as 250 milea an hour with 
the wings almost folded but extended juat enough to enable it to steer 
itself, and strike and carry off its victim in its tfllons. In these dives 
the speed of the bird is so great that a whistling sound is produced. 
On one occasion 1 heard tho whistling and an instant later a half-grown 
chicken was struck within about 8 feet of where I was atending, the 
falcon having come down at about a 45" angle over my bead. It 
scarcely seems possible that a bird con fly with such speed and accuracy 
as to overtake and capture a starded duck in the air, but the duck 
hawk (Fetfeo peregriniis anatum) does this regularly, providing a 
thriUing demonstration of akfll and do.vterity. Hunting with foleona 
was a royal sport in the Old World for many centuries and then was 
almost discontinued in Europe. It continued in Asia and is now 
popular again in Europe and the United States, where many different 
kinds of birds of prey are being trained to capture game or lures and 
bring them to the trainer. Among the birds that have been so teamed 
are the beautiful, dainty little sparrow hawk (Fafco 
Cooper’s hawk (rim'pifer caoperi), duck hawk, tho praino falcon 
(Ffllco merwonus), golden eogle efirysatioa), and even the 

barred owl (S(rii mrio). , , - . > , . , - j 

Another and little-known method of obtaming food is practiced by 
the skimmm (Byncfiopa niffra), in which tlie lower maix^ble is con¬ 
siderably longer than the upper. Their regular practice m feedmg is 
to flv 80 dose over the water that the tip of the lower m^diblo is m 
the water, and when they come upon fish they merely lower them¬ 
selves enough so that they can scoop up tho fish. 

PracticaUy aU woodpeckers (Picidae) feed on insects, most of 
which they ipture in their burrows in wood. These buds may often 
be seen going up or dox™ trees, keeping the body o ten m a vertical 
oLition by gra.8ping the trunk with the feet and leaning back on 
li. ThVo^gl. th,drk«a hc»ri.« ttejr datol m und« 
the hark or in the wood, end then proceod to cut ouiiy 
or wood with thoir books imtU they opprooch clow onoush <« 
oMt or worm so that they can draw It out of .« burrow wtlh thorn 
olg-barbad touBUca. The work of tho woodpe^on m romoyrng 
Set. from the wood is far more bcnoliotal than bWtd for rf *. 
^Tis aUowcd to remain there it may do conaidorablo da^, 
1i. woodpecker ordinarily works orjy to cacayato w«d ftat 
ta^Zady boon dmnaged by tho insect, and hy romovmg tt proronto 
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further damage. The flickers (Cclaptes), meRibera of the woodpecker 
famdy, have found a less laborious method of obtaining a conaidemble 
portion of their food—they have leamod to eat ents on the ground 
and have taken to feeding extensively on these and other inaects in 
addition to what they get from the trees. The Cahfomia wood¬ 
pecker {Balamspkyrajormieisora bairdi) and its relatives feed to some 
extent on acorns, w-hich are very plentiful in many portions of then- 
range, and they have adopted the practice of making holes in the 
bark of trees or in posts in which they ploco acoms for future use. 
Sometimes a trunk or limb of a tree or post vi-ill be studded [wiili 
hundreds of acorns, each in its owm separate setting which holds it 
securely with the end of the nut projecting slightly from tho bole. 

The night hawks (Choi-deUes), wliippoonviUs {AittrtfsUmus), sTi-ifts 
(6Aeceiura), swallows (JjiHiTMiiO') and their relatives capture practically 
all their food in their very wide capacious mouths while Dying, Some 
birds such as the tyrant flycatchers (Tyrannidae) and a few others 
have ^0 habit of sitting on a perch that gives a good view of sur¬ 
rounding terriloty and watchmg for insects. As tlieso come mthin 
range, they are captured in the air in a short flight by the bird, which 
then returns to its perch to w-atch for more. The hummingbirds 
(Trochihdse), as is well known, have a very long beak and tongue 
which they extend into flowers to feed on the nectar and insects that 
they find there. Other amall birds known as honey creepere (Ce- 
erebidao and Alelithreptidae) have a long, sickle-shaped beak which 
they use in obtaining insects, nectar, and fruit pulp and juices. 

Fceding habits among the mammals also vary widely. The langur 
and colobus monkeys (Prw&i/fis and Coiofrws) feed mainly on the 
leaves of certain trees. Many of the bats, particularly the small ones 
iMicrochiropteTU)f feed almost exclusively on insects that they cap¬ 
ture in flight. Some forms arc carnivorous, killing other bats and 
small birds and perhaps small mammals. Vampire and false vampire 
bate (Desmodm and Diatmus) lap blood that they obtain from warm¬ 
blooded animals by cutting off a very thin layer of the skin with their 
razorlike mcisor teeth. Other vco* large bate with a wiugspread of 
aa much as 4 feet, whicli inhabit the Tropica, are knowTi as fruit bate 
and related genera) because they feed largclv on fruit. 
Th^ bate frequently travel in considerable flocks and move to 
various regions from time to time to find food. 

Most rodents cat mainly plant food such as seeds or nute leaves 
Bteim, or roots of plante; many, however, also eat some insects and 
^all amounte of meat. A few have developed highly specialized 
j^ng habite together wiUi specialized teeth and shape of jaws. 
These mdude the fiah-eating rat of South .Vmorica and 

on mscct^otous type (/fAyncAomys) from Luzon Island in the Philip¬ 
pines. Nothmg has been recorded regarding the habits of tlib animal 
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Plate 1 



1. GOLDECV HAMSTER (MESOCRIC^TUS AURATUS^ 

[jyiiiK up liur hack she h tr%'ipg to cut upwanJ on thn Itiw-er ed|{e nf fv door. In 
this po^^ifeloii aho pulEwl heratdf Lhrough the JUncll crack under the door. 



2. GOL£?EM HAMSTER (MESOCR^CETVS AURATUS) 

Thu chcflk uouchea w filled with seedif, Tlifl pouch is ouLUncd by ft whit45 dotted 

line. 
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GQUSEM HamSTEP tMESOGI^ICETUS ftURATOS) GeTTlHCJ POWM FiTOM A SHELP ^0 (mChES ABOVE THE FUOOH 

J4?ftr Inwf'rmij; hi^rNi.?|r Ihc ehIi^i^p l^wprknl lu full sif upp4*r kiLirfni'<qj^ E]f fini-L ufu hcihhlhK !i.CT; ri|Ethl> nnc rf'liw^d ftTlEf 

T*mdy to ruk^aen^ I he iCMjr Atiil drop. 
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PL.ATE 3 



U EASTEPH PL^tf4€i SOUmBEL 4Gl-AUCDMY5 VOL,^^S> 

biwi liawEiu-un} hsiniu uf its favcrilc iKPMtiorif^ \^-hib4,^ntSn|!^, 



2 , Eastern Fuving swirreu (Glaudomvs vcm-ansj 

Tlie rutteiied mil. hm, Jrtroufs fiiiftere flnd toe*, liiicl uf IUl- giving 

inembi^iiu titv cJc-Jurly shuwti. 
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I, EASTEP^M Fl-YINa SQUlAl^eL ^Gl^yCOMVS VQLANSJ 

A as senrv from bencatti iuiil to one side. 



2. gA-STERN FLYINO SoytftfiEL (Gl_A0OOMY9 VO|_^nS3 

Prepwin^ lo &tighl from & gfcide. 

Tkv iwi] pfetiun on Itiia Eiljit« Tf r» wlitb llui rlecltdFilB fluaii whISh ^ ^ nlwil tiUMKni ■ iKoM h 













PLATE 5 



1. Efi VPriAN JERBOA {JACULU5 JaCULUS) 

A K!mrdeterl,4tic %i1tb itic vcrj snirtll Amia and handfi rLtaws t<j the throat. 
The Imiry fuads beTHwth tbt> f^^st are protccUon iigaiij&t hot pwid mtd the nbraeive 
ncthm of rou^li aiirfaees. 



Zr TownSEMD S MaL£ (SCAPA^US TOWINSEMD!!) (MUfiEUM SKINi 

tlin hrmd^ liowtrful forefeet with lat^, KtraiHht elAWfi for the 

long, BCEtBiiSve, mouile (nciutj short, Sensitive t&il| and donsei soft^ short, plnsh- 
hlce fur. 



SmiEha^iliatuq IErn^i F. 


PLJ^TE 6 



t. THREE-E^hiD^ ARNrADlia,^ n“OUVP£UTE5 TRICIHCTUS) 

Ij;o|]i;Hi Up jw 11 pn>U^c:tiuEi unuiTipt eiicEinc 5 . The top of the head Ih lIio hiset 
portion lu the froiit of the shoU ^ thu tuil is ! yii tj; aSoii g kJcUi of I he lie^d. ^ Pholo- 
graph by Joau Moojen,) 



2 . THE SACK OF THE SAME At 4 lMAL 

Tlse liingEitl airangement of the plaiea of thg I jack ponuit it to roll up comptelely. 
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I, f^UAMlN<jiO^ (PhOENICOPTEHUS) 

Tho birds arc feedinii in alfwllowr water, utactnijig, and restLtiif. 



t . Whistling Swam jcysmus cclunibiamus^ 

Ljp" to nblatii rood from tliq bottom. In tbEa pDfliiroii llicse inrds can 
rt'Qcb to a depth of about 45 ioches. 
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Plate 9 



t. FEIutALE SOUTH AMERECAN OPOSSUM CMeTACHIHUS NUtStCAyOATUS) 

This jviiJtiwl lacks tlw tnaraupial pondL Some pr ber babies to licr 

nipples arc to be seen lietwccii fier biuil foot aod bee taii^. ^ Photiflfpapl-i hy 
Joao Moojen.ll 



Z, female south AMERICAN OPOSSUM tMETACH^RyS HUDLCAU□ ATUSJ 

EiRbt baby otiorisuins arc cl En i^lng lo Ibc tilpples lift ^ the hi ij d uftbelr tnolber. 

(Photograph by Jo4o Moojen.) 
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III ita lODtit Sfi c^irryhig Ji Irvu limb aboiiL Tihct A highly e|iecljili£M lii^ird whtu^* t*yc^ Wbrk \nd^ 

hi Icni^li. Thi2 mniurkuiiLL-i Krjujpiiig ability uf Llio K^lic|i?Tkily. }X^ left r^yc; ip watching the camera, 
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Plate 12 





PUAINS LEAST WEASEL tMuSTELA RIKQSA CAMPE£Tnt$;i 

piMrr liiid midcllcr, in »iitniiH!r camtj lGw«?r^ in winUT wat {tbia roim aj^parently 
iloca moi IxHxintc iMair^ly wliin?)* This la a very rare fomi of which pract LCAlly 
natliirkp^ ItEs been re?POrcled, ftikd thiyto iimy be the o&ly pictum ever taken 
It. About Uinue^ darters natural 
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PU^Tt 14 



T, T'^^fO-tOED SLOTH ^CMLDEP^JS DlDACSYLUSf 

b<^ii«ath a limb La its u?=HAl pfwc!, Tim foTi^fcjct hav(^ iwo toea, ibo liiiid 
ftet, three toes. 



5. Young j^alavan ta^^sh (AjCrocddia »NorcA) 

The iidped biby no&l k being roplaecd by the s^lld gray and bluek nf the adult 

i;;aat^ AgQ 3 tnoetba. 
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PLATE TS 



t. MALE BLi^£:K AUSTRAUIAM CCHEMC?PI« AT RATA) 

The bird ia attAekin^ n man in liefenec of ibn Imlf-jirown yontifi lit llio forcErQ^^^i^- 
Thi? k'mute was to the left outeiJq the picture. 



2 .. MALAYAN PORCUPINES fACANTHION BRACHYUflUMl 

The two aainials Alternate head lo tail, in whitb position they rcgukifly steep. 







pLJ^tE 16 



1 SiJ^-BANOED Armadillo sgxctMctu$j 

Thv iiitiiunJ is on hs side anloeiy. Thf^y trtyioWc nlnio^t rocift-iuitl}- wlitn sEi'i^piug^ 



2. THlRTEei^-UNCD GROUND SQUIRRELS (CiTELLUS TRIPECEIWLINEATLIS) ASLEEP 

Thrw rudt Dll ih^ top of thtlr b^adB, deil^ bi Lyiii}; on bnck, fu]d diiv In liiu btick^ 
groiuid id mainJy fight Elide up. 
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but w& c&u judge from its structure tbst it probably eats insects or 
other soft atumal food. The food of carnivores, the flesh eaters, is 
rather uniformly flesh or fish, but carnivorous ammals frequently pass 
over the principal meaty portions of a carcass to drink the blood 
and cat parts of the viscera, thereby obtaining valuable vitamins. 
Almost invariably the glands or other parts which they eat are known 
to scientilic workers as boing excellent sources of vitamins. In on© 
experimont that was conducted under my direction, we separated 
chicken viscera into its various component parts and then offered 
these to small coraivoies. Almost all immediately chose the pancreas, 
which suggests that it is probably a valuablo food. Most people 
have witnessed a dog burying a bone and later digging it up and chew¬ 
ing on it. It is possible that the bacteria of the soil act on the bono 
to make it more palatable and more digestible and possibly to elimin¬ 
ate any danger of ptomaine pobonlng. A few' carnivores, such os the 
binturong {Arciutis) and tbs palm civein (Parodoxuriw and related 
genera), have taken to a diet consisting largely of fruit. 

An ingemous method was once demonstrated to mo by the West 
African marsh civet or marsh mongoose (AlUix polvdin<mt) in the 
National Zoological Park. This animal, about the size of a large cat, 
had a remarkable mothod of breaking bones. He w'os oonunouly 
given two pieces of horse ribs 4 inches in length and, when he had 
eaten most of the meat off of them, ho would take a piece of hone 
between bis forepaws, raise himself up on hb hind feet w'ith the hind 
logs weU extended and ivith his forepaws well above tbo level of his 
bead, and thou quickly throw tho bono down on the cement floor of the 
cage from a height of 2% to 3 feet. If he was not satisfied with the 
rcsulto of the fiist throw-, he would repeat the process. The pro* 
codure described suggests that thoso animals probably use the same 
methods in breaking the shells of tnollusks and land crabs on which 
they feed in tbeir native haunts of Wedt Africa. 

The shortest triftuimsl in the Americas and almost the smallest in 
the world is the lesser sbort-UiJed shrew {Cri/ptdtU panxt) which 
inhabits the eastern United States. It w'eighs as much os two dimes, 
less than one-fourtb of an ounce, and naturally such a tiny creature 
cannot cope with large antogouists in the usual manner. It normally 
lives in loose soil and leaf mold where it feeds on earthworms, insects, 
and a wide variety of small atumal life including frogs. Even a 
vigorous earthworm b a diffleult creature for the tiny shrew- to subduo 
in the usual manner, but earthworms lose their octivity within a few 
seconds after tbe shrew gives them a few light bites; sometimes a 
«ngle nip will suffice. Apparently the saliva carried into the vety 
minor injury made by tbe shrew's teeth is poisonous to the earthworms 
and takes dlect very quickly. When the earthworm bos become 
quiet the sbrea’ proceeds to devour it, and it may be that this special- 
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ized saliva accelerates digestion. Little is known regarding tba 
poisonous bite of these little creatures, but it is apparcutiv similar 
to that of a slightly larger dose relative, the short-tail^ shrew 
iBlarina) whoso saliva is deSnitely known to bo potsonoua to many 
small creatures and w'hose bite on a man's finger is sufliciently 
poisonous to produce pain extending halfway np the arm with resultant 
irritation lasting as much as a week. Such bites are somewhat com¬ 
parable to the bites of soakes in which a secretion from specialized 
glands is introduced under tbo skin of tlie victim, although these 
shrews do not have specialized teeth or glands that are primarily 
poison producers. 

Among the reptiles, the chamaeleon (ChanmdeonidaeJihas the 
interesting habit of obtaining the insects on which it feeds almost 
exclusively by suddenly extending its tongue lo a distance almost as 
great as the length of its head and body and catching the unwary 
insect with it. The tongue is attached near the front of the mouth 
and folds baeJt into the mouth like that of the frogs and toads, which 
also capture their prey in a similar manner (pi. 10, fig. 2). 

Cmil liieis* study of otters {Luiru) in North America have shown 
that these remarkably mtelligmt and playful animals feed largely on 
crayfish and numerous small invertebrates instead of fish, which they 
have generally been supposed lo eat. It is strange that this was not 
discovered long ago, emphasizing the fact that there is still a fertile 
field for research on animal life. 

Through the long period of development of each species, animals 
have learned that in general each individual or pair requires a cer¬ 
tain amount of territory in which to sustain itself. Other species 
that do not conflict with it will ha tolerated in this territory, while 
those that vtould be competitors may be driven out. Forms of life 
that const! into the food supply are rarely devoured to the point of 
extenuinalion, and animals can therefore ordinarily obtain sufficient 
food within a rather definite territory. Some require but a small 
range for this purpose; others must have an extensive territoiy and 
move to various parts of it at frequent intervals to obtain the nccessaty 
food. For exampio, the wolf {Canit and related forms), an 

animal that proya on other Hninifll fife, usually has a range about 20 
miles in diameter and, except when the female is living at the den 
caring for the young, it tiaveises this range, generally in Large circuits, 
returning to any given portion of the range about once every 2 weeks. 

Seasonal fluctuation in the food supply, such as the migration of 
fishes or the dying off of insects, results in the migration of forms that 
prey upon them to locations in which food can be found. For c.vaniple, 
insec^ating birds have an abundant supply of food in the Northern 
Hamispbero during the summer but, with the approach of winter, 
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insects and friuts become scarce and many of the birds cannot ^urvivo+ 
By migrating to regiona farther aoulbi however, they aro able to 
obtain an adequate supply of such food* Some forms that do not 
migrate change tl>eir feeding habits during the year* During the 
Bummer when fruit and insects and other animal life are abundant and 
easily obtained, they feed extensively on these clementSi and in the 
winter they eat seeds and plant life that has matured during the 
summer. Good locamples of this are the birds of the sparrow group 
{FringOUdae), in which the young are fed abtiost exclusively on insects 
and fruit and the parents eat such food extensively when it is available^ 
but during the winter when few insects or fruits are to bo had, they 
feed mainly on seeds. Others feed only on certain types of food and 
apparently cannot survive unless they can obtain those particular 
foods. Notable among these are the cross-bills fLomaJj birds of the 
Northern Tlemisphere about the slsse of sparrows with usually some 
bronze, red, or purple markingsr They feed on seeds of tho spruce, 
hemlock, or pine w'hich they obtain dirccOy from the cones by perch¬ 
ing on them and reaching under the scales of tbo cones with their 
peculiar crossed mandibles and extracting the seeds. Such beaks 
are probably well adapted for this purpose hut ore a serious handicap 
to eating the typo of food that most birds conautnc; therefore these 
birds are erratic in their occurrence in a given range. If there is a 
failure of the seed crop of tbo spruce, hemlock^ or pine, they must 
move to regions in which there is a good crop of seeds on these trees. 

Such Btm-dy, hardy animals ss the American bison (Buon bison) 
and caribou (fi'ttnjtyef) have extensive ranges that embrace both 
summer and winter forage grounds to %vhich the animals migrate 
seasonally, some making a round trip of several hundred miles each 
year, measured in straight Imes. 

We are prone to t hink of our food selection and handJiug os being 
superior to that of animals, but after observing the caro wuth which 
animals select the choice morsels and pass over food that they detect 
aa being contaminated or not palatable to them, I believe that the 
wild ones probably are far better fed and arc better Judges of food 
than wc are. Studies of the feeding habits of antelopes on the nativa 
range disclose that in a 14-day period they eat 24 to 30 diKercnt kinds 
of vegetation. Possibly some of the material was eaten as many of 
us have taken food during war time, merely for the purpose of survival, 
but obviously they picked and selected foods that they preferred and 
thought were best for them. If one will watch a wild rabbit or almost 
any ivtld animalp he will sec that it constantly and carefully selects 
or rejects food. On many occasions I have endeavored to induce 
anirn^, either wild or in captmtyp to cat food that I had seen them 
pass over. Rarely could 1 get them to do sOp and on one occasion, 
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die third time I offered a certain nut to a very friendly wdd squirrclp 
it took the nutt opened it^ and dropped it, perhaps to show me that 
the nut was not fit to eat. 

TRANSPORTATION OF OBJECTS 

The need of transporting food, nest materials^ or youngp and pcca- 
eionally objects that apparently are taken for ornamental purposes 
Or merely because the animal likes them^ have been solTed in Tarious 
ways. Most animals carry obj ects in their mouths to some ex ten 
just as a dog carri^^ a stick or ballj but there are a number of ways 
in addition to ihm for examplop some of the Old World monkeys 
(Affficaca anil others) have cheek pouches that open msJde the lips, 
but outside the jaws^ in which they are able to store food, which must 
be a great comrenience to diem when thoy are tr3ring to obtain their 
share in the presence of other greedy monkeys* They then grab what¬ 
ever food they can, put it in their cheek pouches, and oat it at their 
leisure. Monkeys with food in their pouches sometimes look as though 
tliey had mumps on one or both sides* Intemal cheek pouches are 
found in a number of other animals such as the cliipmunks fTTsTaio^ 
and Euiamias) and hamsters^ which use them as shopping bags or 
baskets into which to place food to cany it home to the den where it 
IS stored for future use (pi. b fig- 2). Another type of cheek pouch is 
the external one which is fur-lined. This is present only in a few 
North American forms such as the pocket gophei^ (Geomys^ TAowiomya, 
and related genera), the pocket mice iP€r"(fipiiUhus) and kangaroo rats 
and Micfodipodops)^ Thoir pockets open outside tho 
mouth, the skin of the face being folded Inward to form the pockets. 
The pockets can be turned inside out to clean them, then pulled back 
into place by a special muscle. The owners of these pockets carry 
food, nest material, and even earth in tbemi 

We are so accustomed to seeing mother cats carry their kittens 
by grasping the skin at the back of the neck that we eemmonly think 
of this as being the principal way of carrying youngs howcTcr, there 
are many other metliods. The mother squirrd grasps the skin of 
the baby's abdomen in her lips or teeth so that the little one hangs 
in an inverted petition beneath her hcad^ grasping her neck with its 
hands and feet and curling its tail around her neck, thus aiding in 
the carrying and leaving no dangling appendages to interfero with 
mo therms hands and feet id her travels through the trees. Baby 
monkaje cling tightly to the mother in most cases, but the whito- 
tufted marmoset (OiUithrU joechus) mothers generally carry tho 
babies only when nursing them; the rest of the time the fathers carry 
them (pi, 8, fig, i). They cling to bis long fur and ride on his back or 
under surface and hold on so securaly that he can make leaps through 
the trees without dislodging them. Baby gibbons chug to the mother 
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on almost any part of hor body and ffftquently tako a position ajfound 
her body almost liko a belL 

Tho Brazilian mommalog^istp Jo^lo Mooferip of tho Mu^eu Naciooalj 
Brn^j], haa iniormed mo that the baby of the raro sloth 
tor^uatm) clings tightly to the mother and is almost completely hidden 
in her long loose hair« If no danger threatenSj it may cling to her 
backp which is frequently the underside - however, if danger threatens, 
it b brought onto her chest or abdomen which ia usually her upper 
side or is between her and a tree trunk. In this paaition it U well pro¬ 
tected between the mother and the trunk or branch to which she Ee 
dinging and b so well bidden in the fur that it can scarcely be seen 

(pi. 8, % Si). , -1 

We coinmoiilj think of the marsupials as always carrying tue 
young in the mother's pouch. This is true for many of the formSj 
including the coiutnon opossums iDi^etphia) of North and South 
America, but there are some marsupials that lack the pouch on the 
abdouten of the mother. In some of these species tho young are 
carried or dragged about by the modier as they ding to her nipples. 
Good examples of this type are the small South American mouse 
opossums {Marmosit and allied forma) which range in siKC from 
about tJiat of a house mouse to Uiat of a common rat. Tho young 
hang suspended from the mother’s nipples which are in a cluster 
between her hind lega, and in tliis location they are well protected. 
When tho young become larger, they arc dragged on their backs, 
as the mother walks along tho ground. If one becomes detached from 
tho nipple, it is lost, for apparently they cannot again attach them¬ 
selves to the nippies, and the mother appears to make no effort to 
rescue them. 'The Metachinta pictured with the little ones hanging 
from her nipples had eight babies (pi. 9, fig. 2). 

Rodent babies of a number of different forms in various parta of tho 
world also cling to their mother’s nipples until they are of good siKe, 
and when she travels about on the ground or through tho trees, they 
dangle or arc dragged about on their backs. Tho North American 
wood rftt or pack rat (Neotoma) has this habit, and as many as four 
young, which indiTidually may weigh almost a fourth as mudi as 
their mother, will be dragged about by her. 

In the Tasmanian "wolf” {Thyladnus), a marsupial, tho pouch is 
a fold or shelf of akin on the abdomen between the hind legs which 
opens backward—a sort of rumble seat—and the young are carried 
in this. Tho beat pouch of all is possessed by the kangaroos; they 
carry the babira in a large, deep, baglike fold of the sldn of the mother’s 
abdomen until they may weigh almost one-fourth as much as the 
mother. WTien there are no young in this pocket, or when they am 
very little, it is shrunken and drawn up until! t is rather email, but 
os the young grows the pouch atretchea and can aoconunodato one 


284 A^’N^JAL REP-ORT BMITHSONIAJJ mSTmmOJf, 104 9 

young until it is well able to take care of itself. There is & muscle 
around the entrance of this pouch which acts like a draw string and 
constricts the opening until it is very small, preventing foreign objects 
from gettuig in and the young from tumbling out. 

The very beautifiil, graceful kangaroo rat mothers of North America 
lift their babies by grasping them by the back of the neck with their 
lipa or teeth. They steady the little ones by holding them with the 
forearms, then hop along on their hind legs. This method of carrying 
the young was observed and photographed by that great naturalist, 
the late Vernon Bailey. 

The North American opossum is said to carry leaves and straw for 
its nest by mapping the tip of its tail around the material. Some 
doubt eiists, however, that this is an established habit, as only a few 
instances have been reported. 

As previously mentioned, gibbons, orangutangs and chimpanzees 
frequently carry objects grasped in their hind feet as well as in then- 
hands. On one occasion I saw a chimpanzee pick up a piece of banana 
in one band, a piece of bread in the other hand, and a bead of lettuce 
with one foot. The ability to cany objects in the foot is particularly 
useful to animals that regularly traverse the forest by smnging by 
their arms from limb to limb. An orangutang carried a limb about 
2Ji inches in diameter and 8 feet in length from an outside cage to an 
inside cage in the National Zoological Park, handling it much of the 
time by grasping it with the hind foot (pi, 10, fig. 1). 

A number of the animals that burrow-, particularly those that make 
extensive tunnels such as the pocket gophers of North America, the 
mole-rata (£.iT^;pfo»iys'and Bathyergua) of Africa, and the bamboo*™ts 
{Rkisomya and related genera) of Asia, push the earth before them, 
placing the hands closed to the sides of the head and against the earth 
and supplying the motive power for moving the body forward by the 
hind legs. Others scrape earth rearward with the forefeet and then 
send it farther rearward by strokes of the hind feet. This is the most 
common method of those that do not make continuous tunnels. The 
prau-ie dogs (CVnomys) of North America move a great deal of the 
earth that they use in building mounds by this method, and they also 
push earth before them. 

Beavers cejry at least part of the earth or mud Lliey use by holdiug 
it against the breast with the hands. 

Elephants {EUphas and Loxodoatia) pick up objects by eucirding 
them with the tr unk . 

Apparently both whales (Cetacea) and seals (Pinnipedia) some¬ 
times hold their young to ihdr sides by means of the flipper. This 
procedure has been observed so rarely and for such brief glimp^ that 
little is known of it. Whalers say that a mother whale sometimes 
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uses this method to take her baby under water with her out of dangor. 
Seals may do it for the same reason. 

Recently my wife and 1 witnessed a female black indiTidual of the 
gray squirrel of the eastern United States collecting bark fiber for her 
nest. She went onto a dead limb of a tulip tree about 8 feet from our 
window and began loosening a strip of bark about a foot in length. 
Some w'as tom loose entirely but left banging by a small strand, other 
parts were not hanging down but were wdl loosened from the branch. 
1 thought at first Ac was not satisfied with the quality of the bark, 
and 1 was about ready to offer her advice on how to coUect bark 
without wasting so much of it. Finally she began picking up the 
hanging fibers In her mouth, placing them crosswise and tucking the 
ends in ao they would not drag and be in her way. When she came 
to tho etranda that still kept tbo pieces of bark attached to the limb 
she cut them off. In a fow instances she backed up and puUod them 
loose by tugging. I then realised that she did not need any advice 
on how to gather bark with her equipment. She had loosened all the 
bark she needed but left it attached so it would not fall to the ground, 
then when she had enough loosened she began gathering it up. Of 
course she could not have had much loose bark in her mouth and still 
cut more ba^k loose from the limb with her tooth. As usual she had 
done her work in tho most efficient way. 

Many times I have offered my pet "flying" squiircls a tidbit that 
they preferred to the one they were eating. This confronted them 
with a real problem. Their oxperience through the ages has been not 
to drop food, for it faUs to the ground and is ordinarily lost. They 
usually solve the problem by looking for a place in which to cache the 
food they are eating, then conic back to me to take what 1 am offering. 
Likewise I have many times put the same problem or a similar one up 
to tho gray squirrels (Sriurtts carolimnsi») of tbs eastern United 
States. Most of them try to solve it by attempting to take the second 
morsel without dropping the first. Usually they cannot do this but 
make several attempts and finally finish by sitting nearby to cat the 
first piece and then come for the second, or Eomotimea they give up 
the attempt and take the first piece home or at somo distance to eat, 
then return for the second. When I am giving them peanuts in the 
shells there is often an amusing struggle to get two together in the 
mouth so that they can both be held. Sometimes a squirrel will hug 
the nuts in its arms nejct to its neck and take a few short hops to gal 
away and work on them at its leisure. I saw one old lady squirrel 
develop an ingenious method of solving the problem. After working 
with the nuts for a few seconds on several occasions she sat there and 
shelled one of the nuts, put the kernels in her mouth, then picked up 
tho other nut quite easily. Later another learned this method and 
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both sqiiirrela now do it regularly. Having learned the method, they 
usually begitete after I have given them one nut to see if I will give 
them a aeeond. Why make a trip home with only one nut when they 
can just as well cany two? The second squirrel to learn this is 
younger than the first one and may have observed the older one per¬ 
form the featp for as pointed out elsewhere I faelieve aoiinals learn 
much from observing others of their kind. However I saw the entire 
process of learning to do the act the first time with both of them, and 
thereafter it was a regular procedure to use the new accompliahmctit. 
Captive love birds sometimes place straws under the upper 

tail coverts to transport them to the nesting site. 

My wife recently witnessed a novel method of transportation 
adopted by a jeUowjacfcct (Ve^pula maeulijfroTis)^ The bees were 
feeding on and carrying away pieces of raisins put on our fourth-floor 
Window ledge for the birds. Generally they cut off a small piece of a 
raisin and never carried nwaj a whole onCj but she saw one bee roll a 
raisin with its head to the edge of tlie ledge and push it over. When 
the raisin started to fall, the bee followed it a short distance^ then came 
back and repeated the process until it had dropped four raisins. My 
wife does not think the raisin was accidentally pushed over, as the 
bee’s movements seemed aimed at pushing it to the edge. Perhaps 
the neat was near the building and this hce bad discovered an easy 
way of getting raisins to the nest. 

CARING rOR AND TEACniKG THE YOUNG 

The type and amount of care and teaching that animal parents 
give the young varica from nothing to a very good education. Any 
conBideration of this subject at once raises the question of haw much 
the animal does by instinct and how much it learns from its parents 
or others. Of course^ no coneJusiTe or complete answer can be given 
to this, but there are many fragments of information that we can piece 
together to give us some light on tho subject. Some animal mothers 
never see tlieir young and give them no attention whatever. Among 
these are such ertinmls as most snakes and listards^ which lay eggs that 
are hatched by the heat from the soil or from decaying vegetation, 
and the parent takes no part in Ihoir jitcubation. Exceptions are the 
pythons fPytbonidftc) and sklnl^ (Scineidae}, which incubate their 
eggs, and the female alligator which stays near the neat to keep away 
intruders that might harm tho eggs. However, the mothers take no 
part whatever in caring for or instructing the young. Tho mound- 
building birds of Australia and Now Guinea (Mcgapodidac) do not 
incubate the eggs or care for the youngs the mother lays the eggs in a 
mass of vegetation which she, together vrilh other birds of the same 
speciesj scrape together, and in which all of them lay their oa in a 
sort of communal incubator. 
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On the otJier hand many animala, particularly mammals and most 
birds, giva a great deal of care to the young and obviously give them 
definite Itjstructions, Tho bears (C/retw ami Euarct<is) are weU-known 
examples. ^Vhen mother bear begins leavuig the den in the spring, tho 
young are left inside and are apparently told to remaiti there. They 
do not begin coming out for some lime — until the mother feels that 
they have developed enough to need a slightly larger world. She 
first permits them to play dose to the entrance to the den while she 
Stands guard, aud later, when they are stronger, ehe takes thorn mth 
her on foraging e.vpeditious, at which time she tears open decayed 
stumps and logs to expose ants, grubs, mice, and other delicacies. 
Likewise, she turns over stones for auimnl food that can he found under 
them, digs up roots, and leads the babies where acorns can be found. 
Mother bear is a strict disciplinarian and does not permit tho young to 
stray far away. If daogcr threatens and she feels that for any reason 
she cannot take the young to the den, she often sends tliem up a tree 
while she stays on the ground not far away. She is usually successful 
in her instructions to them to keep silent, although occasionally a baby 
will become bo frightened that it will cry, which often results in its 
being soundly spanked and cuffed for ila infraction of her rules. If 
she desires not to send them up a tree but decides to run away, she 
keeps Uiem dose to her, and if they are disposed to lag or become 
tired, she will Eometinics cuff them along ahead of her, sotnotimea 
tumbling them end over end bo that they wiL have an incentive to 
keep up with her. Througiiout this entire time, when Urn young arc 
with the mother, observers have seen tfiat it ia dofinitely a training 
period in which the mother bIiows the young where and how to obtain 
food, what sounds and araells to avoid, and what are apparently safe 
in their haunts. 

Apparently about the same procedure is followed among the foxes 
{Vvipen}, wolves and wild dog? {Canis), and wildcate {Fdk), for the 
mother leaves the little ones in the den until they are able to begin 
playing about the entrance, where she finaUy permits them to sun 
themselTes and romp and engage in tussles ivith brothers and sisters, 
gaining strength and agility. She brings them food, over which they 
struggle, and finally she brings live food so that they have the actual 
e-xpcricnce of handling live prey. Among the foxes and w'olves, the 
father often participates in bringing food, and both mother and father 
stand gusrd near the entrance to give the alarm for the young to take 
refuge inside when danger threatens. Usually a short bark or two is 
sufficient to warn ths little ones to Ukc slid ter. When they are old 
enough and strong enough to venture farther away from the den, the 
mother takes them on hunting expeditions on which they learn to 
catch small prey that is within their strength. On these expeditions 
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they learo to be alert, to beware of danger, to be oa the watch for 
prey and bow to catch it, and what to avoid. 

Mother deer (Odocoileiia), antelope (Antiloeapra), and moose (AJeei) 
hide their newly bom yoimg and leave them hidden for some days. 
The baby antelopes may be left in plain sight on a grase-clad or very 
spaisoly vegetated plain. Baby deer are hidden In the grass or sparse 
shrubbciy, and baby moose may be hidden in such places or in slightly 
more dense vegetation. The mother then goes her way to get her 
food and rest, and returns to the little one only to nurse it at intervals 
of several hours. Thus the young are not exposed to the baaards of 
following the niothcir for the first few days until they have gained 
strength and are able to travel with such speed and endurance that 
they stand a gooil chance of survival by escaping with h er, The mo ther 
cottontail rabbit (Syluilagtia) scratches out or aeleeta a slight depression 
in the soil and lines it with fur that she plucks from tlie underside of 
her body. The depression is too small for her to be in it with the 
babies, but she crouches over it, and when the little ones nurse, they 
reach upward or dimb up through the soft downiy nest to reach her 
nipples. The cottontail nurses her little ones only at rather long in¬ 
tervals^—apparently not at all during the daytime—and as long as 30 
hours are know'n to elapse between feedings in some Instances. When 
danger threatens she dashes awmy and the enemy usuoily follows her. 

Mother sea otters {Etikydra), which spend a great deal of time in 
the ocean, lie on their backs much of the time and the babies rest on 
the mother’s ventral surface. tVhen she dives for food she leaves the 
little one floating on the surface while she goes to tho bottom and 
picks up sea urdiins aiid other food which slie brings to the surface 
and eats while lying on her back. 

A mother flying squirrel that raised her family in my home, has 
given me many glimpses of how she cares for her babies, flving 
squirrels are, of course, strictly nocturnal and there ivould bo many 
hazards for them in the daytime; therefore ! ve-os not surprised to find 
that "Moth CP Glaucky*' carries her babies back into the nest when 
she finds tliat they hove strayed out during the daytimo. Perhaps 
she and the tree squirrels teadi their babies by demonstration and by 
voice, but 1 have not been ablo to detect much evidence of this. The 
young play among themsdves about tho nest, gradually gaining 
strength and ogUily and venturing farther from tho neat. Tho 
length of tamo that baby flying squirrels and baby tree squirrels aro 
weak and uncertain in their movements and oro dependont on the 
mother is much greater than is generally supposed. Baby flying 
squirrels do not venture out of the nost until they ore about 60 days 
of age and then only to explore in tho immediato vicinity of the nest. 
By the seventieth day they ore venturing somewhat farther, but their 
muscles are still soft and they have not gained agility or confidence. 
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In the wild they would probably not go farther tlmn a few feet in 
their ovm nest tree. It js not until they are about 00 days old that 
they are ready to aaaume full activity. Golden hamsters, on the 
other handi develop very rapidly, and by the thirty-fifth daj^ although 
not full size^ they are apparently on their own in bU respects. 

Swans (OygnuSj Chen^pis, and Oi<5r) are remarkably good parenta 
and keep close watch that their young ore protected from enemies. 
The female generally stays in the background and keeps the young 
with her while the male goes out to meet the intnader. II the danger 
is imminent he will approach with a direct rush and make vicious bites 
with his beak and 'ivill strike severe blows with his wings. If the 
danger is not imminent but he still feels an intruder might do harm 
he frequently approaches indirectly, that is* comes up to one side of 
the enemy apparently os though to catch it off guard. On one 
occasion while 1 was sitting ve^ quietly on a rock in the $wao yard 
trying to get a picture, the male swan persistently worked around to 
one side of me and when I did not move he finally grabbed mj arm 
with Lis beak and tried to strike me with bts wings. As soon os I 
started to move away he was oatisfied. In this mstanoe I bad been 
trusting to my lack of motion to allay his sospicions, but my efforts 
to "freeze^* not successful. One of the poses of the male black 
Australian aw^on (Ch^nopis threatening an intruder is shown 

m plate 15. figure 1. 

SLEEP 

Generally we think of sleep as a veij simple state of inactivity 
which is similar in all animals, but actually the attitudes and types of 
sleep of various animals differ considerably. 1 thirtk it likely that 
most, if not all, of the mammals that live In burrows well beneath the 
surface of the ground akop vciy soundly, as they are comparatively 
free from danger while in their dens. Naturally, my observations of 
this fact have been limited and to my knowledge it has not been 
carefully studied; however, the few creatures of the burrowing type 
that I have been able to study all seem to sleep very soundly. A 
golden hamster can bo picked up and bandied gently withm 30 seconda 
after it has ceased activity and has thrown itself down to go to sleep. 
I have similarly handled pocket mice when they were asleep in their 
nests and have found that they were quite difficult to arouse, which is 
in marked contrast to the great alertness of many other forms. 

Animals that live above ground are, of course, subject to a wide 
variety of hazards when they are asleep and must therefore, aa it were, 

sleep with one eye open.*^ This is particularly true of rabbits, most 
birds that sleep in the open and, no doubt, most other creatures that 
are in similar exposed locations. My pet flying squirrels selected a 
laundry bag hanging on a bathroom door for their nest and appear 
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not to bo diottirbod by tho swinging of the bagp which perhaps simu^ 
lat^s the swaying of the iteea in which they would nonnatly Hve. 
They aTe, howeverp^ diatinctly disturbed by vibration produced by 
robbing the door or the rod on which the bag hangs^ which would 
probably remind them of the disturbance made by an enemy climbing 
to their neat in a tree. When thus awahened, they usually react in 
ono of two diflcrcnt ways. If sharply startled they are very hkeiy to 
daah out of the nest ready to take off m a glide or run to another^ safer 
location; or if the alarm is not so sudden they may merely quickly 
and quietly go to the entrance of the neat and look out to see tho 
cause of the disturbance. This behavior is^ of course^ associated with 
the rather exposed location in which they live^ where danger may 
arrive from almost any direction and their best chance for survival 
may be to flee. 

I am inclined to think that the African elephant shrews (M<icrosc€- 
lid^ rufe$c^^) sleep with both eyes open instead of only one. I 
have kept some in tny don to study them at ail hours of the day and 
nigbtp and I have yet to see them with their eyes closed. They are 
invariably sitting upright with their eyes wide open, or at most only 
slightly dosed. This trait suggests that they probably sit above 
ground in more or less exposed locations and ore perpetually alert 
for danger, 

A wide variety of poses are assumed by animals in sleeping. In 
addition to the w'ell-known attitudes of lying on the ventral surface^ 
the back, or the side, a great matiy curl up in a very compact ball. 
The squirrels and others with huahy tails tuck the head and feet weD 
inside and wrap the tail around them so that it actually affords some 
protection and warmth for the back of their necks and their backs. 
In this curled-up position they may Ho on the side, hut more frequently 
the head and feet are on the underside with tho top of the head actually 
resting on the surfaces on which they are sleeping. This is a common 
position among a great many of the rodents. The giant antcater lies 
on its fiidej curls its head and feet together, and covers itself with 
its veiy long-haired tail which serves as a blanket and, perhaps in 
the ^ild, to some extent as camouflage. The sloths sleep hanging 
beneath a limb with the head thrown upward and forward so that it 
rests on the chesty or they may be partially sitting in the fork of a 
tree with the head forward between the upper arms, the tree trunks 
and the chest. Some anJmab sleep standing up. Horses commonly 
do thisj and some elephants do much of their sleeping standing. 
Most of the bats sleep banging head downward, being suspended by 
the nails of their hind feet. The red bat (N^jderia), which sleeps 
banging on a twig in a tree, has an extensive membrane between tho 
hind legs which it draws downward ao that it serves as a protection 
to the ventral ports of the body. When hanging head downward, 
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bats are in a good position to take oif for fligbti lor they are generally 
ftt an elevated location and have merely to let go with their toes and 
spread ihoir wings to be in full flight. 

I have noticed that the nine-banded, the six-banded, and the hairy 
atmadiUos {Da^pus and -EiipArck^v^) ^ tremble almost cpontinuoualy 
in their sleept particularly when lying on tbeir backs or eidea^ as they 
often do. This is unique among mammab with which I am ac- 
quaintedj but I have no theory to explain it. 

Malayan porcupines (jdcaTitAio?! brachyuruvvi) like to sleep side by 
aide and have an interesting method of avoiding the spines of another 
that has already lain down. Each succeeding one merely faces in 
the opposite direction from the last one in the row, I have seen as 
many as five lying asleep in such alternating head and tail positions, 
but when I tried to take their pictures in this arrangement I usually 
disturbed some of them^ so that I have never been able to photograph 
moro than two together (pl„ 15, fig. 2)^ 

The tiny bat parakeets {LonculuA) sleep hanging head downward, 
clinging to the porch by their feot. 

Of all the small mammals I have observed the females e^e much 
more particular regarding the m^t than the males. The females will 
move it about, cut on the nest box, assemble neat material and keep 
it well shaped into a snug nest, whereas moat of the males are far less 
particular, usually working on the not only enough for it to be 
passably comfortable. Of coursCt my wife noticed this before 1 did 
and pointed out that females have stronger imtincta for home main¬ 
tenance than males. 

Most mammals, when they have the opportunity to awaken natur¬ 
ally, Uke to ait and "think," or perhaps just sit, like many people 
who cannot start off "in high gear.^* Those that I have observed, 
after about half an hour start normal acdvity. 

Hibernation was discussed briofiy in my previous paper on Animal 
Behavior and has been extensively treated in other literature so will 
not be further mentioned herein* 

CONCLUSION 

The better our knowledge of animal habits and behaviorj the better 
wo are prepared to cope with the problems in connection with animal 
life and the admim$tration of re^urces in which animals pky a part 
of greater or less importance* Biologists are constantly being con¬ 
fronted with problems of how to control, circumvent, keep away, or 
increase wild life. The problems may bo simple or very complex, 
but are always interealing. 

Wildlife administration has become an important branch of national, 
State, and local government work for we have come to realize that 
many of the forms are highly beneficial and should be prot^ted and 
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built up to the umximuin posdiblo numbers, and that a few are injurious 
and ehould be controlled. 

As the activities of mankind are extended^ the importance of Mdldlife 
protection inereasca eorrespoDdinglyj for we could not live without 
animal life and the extirmmation of any form is a eerioua loss. Better 
understanding of animala leads to recognition of their value and there¬ 
fore to more interest in their protection^ and the study of ftniTnal life 
as a profeasionp as a hobby, or merely through casual observation yields 
much pleasure^ 

Norir—All photographs ate by Brneat P. Walker unleas othcrwlM Uetad. 


THE BREEDING HABITS OF THE WEAVERBIEDS 
A STUDY IN THE BIOLOGY OF BEHAVIOR PATTERNS 


By IlEBBUftt FlIJMiLAKEi 
Curoior, DwidA o/ BirdSf 
S. Noiwnal Muttum 


[Wllb 

The weftTerbirds, os tbeir popular nanio implies, me, by and largo 
birds noted for the elaborate neats they buQd—in many cases actually 
weave—out of grasses, straws, rootlets, and other Bimilar materials. 
Included in this family (Ploceidae) are some of the finest, most expert, 
and moat famous of all avian architects. In no other single bird 
group of aimilar status has the habit of nest building been carried to 
greater lieights, indeed their only rivals for excellence in tJiis particular 
arc some of the hang-nests or troupials of the New World. 

My interest in the weaver birds began some 30 years ago when I had 
the opportunity of studying the actual weaving methoi^ in captivity 
of one species, iha red-billed weaver, Quflea fuefco. Not long after¬ 
ward when I began my studios of parasitic birds I learned tliat at 
least two Bpecicfl of weavers, and possibly several others, not only 
built no nests at all, but laid their eggs in the occupied nests of other 
kinds of birds to whose care the eggs and the subsequent young were 
left. A few years later, over a year's field work in South and East 
Africa gave rne ample opportunity to become familiar with tbo surpris¬ 
ing range of aspects tbe nest-building linbit exhibits in this f^ly of 
birds. In this paper it is not my purpose to attempt to describe each 
and every one of these aspects, but to discuss them from the point of 
view of the biological implications they present. The family is a 
large and varied one and contsins a great many species (about 275), 
many of which have liiglily divergent nesting habits, which offer very 
BUggestivc data to the naturalist concerned with the cvolutloni of 
habits in birds. 

In order to appreciate more adequately the signiru^nce of the 
various aspects of the nest-building liabit in these birds, and to 
evaluate them more properly in connection with other parts of tlie 
life histories of birds involved, it is necessary to make a few preliminary 
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gencrftl remarks. Birds, aa a rule (there are, of coutbc, exceptions)» 
go through a fairly definite cycle of behavior patterns during the jear^ 
and repeat this cycle every year of their adult lives. Very briefly 
stated, the cycle consistSi m typical fashion, of the following parts: 
Migration or,, in the case of nonmigratory birds such as the weavers, 
the fragmentation, or breaking-up> of ^'winter/^ nonbreeding flocks 
into pairs of birds; the establishment of individual breediug temtories 
(the extent and definiteness of whidi vary in different species); court¬ 
ship and mating; neat building; egg la3ring; incubation; care of the 
young; and, finolly^ migration or the retum of the individual birds or 
pairs to the "winter^^ flocks. Each of those parts of the whole cycle 
is subject to great variation^ and each may bo influenced in its devel¬ 
opment and oxpresfsion by its antecedent stages, and each may exert a 
similar influenco on its succeeding stages. 

Like any other sequence of events or stages^ the undue development 
of any one part may tend to throw out of lino one or more of the 
remaining parts. When everything runs smoothly according to 
what may be looked upon as a noimal pattern^ it ia very difEcuIt 
to observe the st^uential effects of each part on its successor and it is 
rarely possible to get even vague glimpsea or hints of how the per¬ 
fected whole cycle came to be developed through the ages. It is 
only when something deviates from ibis normal paltom that we have 
much chance of learmng anything of the factors that control or 
influence it. With these general thoughts in mind, it is mstructivo 
to examine in some detail what has transpired in one family of birds 
with respect to one part of the life cycle* the nest-building habit* 
and* in connection with it* to related portions of the cycle. 

The weaverbirds have been divided into a number of aubfomilies 
(the exact number differing in difTerent classifications)* which in a 
general way ore characterized by different neat-building habits. 
The arboreal* so^ialled typical weavers (Ploceinee) construct a 
suspended type of woven nest* tisually shaped like a ball or a dosed 
ovd with a lateral or a dow^uward-extending entrance tube or 
"vestibule/' Most of the species of this group are columalj some¬ 
times as many as SO or more neats being built in the same tree, and 
often with no otheiB on any of the snrroundiDg trees for considerable 
distances. On the other hand* some Bpecies ore quite eohtaiyi like 
Keichenow*B weaver (Pfeceiis re-fcAmoici), of which usually only one, 
and apparently never more than two pairs not on the same tree* and 
in those cases where there arc two* only one seems to be breeding at 
a time. Th e instinc t to build is* however, very strong in most members 
of group as far as known. Thus* Bates (19S0* p, 484) noted of die 
hooded weaver ciieullatus) in Cameroon that ", * * it seeme 

to be a necessity of the birds* nature bo be alw-aya busy with their 
neat; they will occupy themselves in their spare time with tearing down 
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unused nests, strewing tbe debris on the ground under the tree - . . 

Of the spectncletl weaver of South Africa (Ploceit* ociitontuf) Boberta 
(1040, pp, 337-33S) records that the nest has a protruding entrance 
tube which is usually from 3 to 6 inches in length, but that in sev^ 
instances the nest-building activities of the birda were bo great that 
the entrance tnbeg becamo e.Ttendcd to a length of 6 fwtl One 
nest in the Albany Museum at Grahamstown, recorded by Stark, 
has an entrance "upwards of S feet long.” It is a weii-known ocd^- 
tencfl in captivity, such as in zoological parks, for different species 
of weaveiB, whoa given quantities of raffia or straw, to weave a vast 
quantity of rather formless masses of compact, densely woven 
rial over the branches in the cage and even over the ^vire mcah of the 
cage itself. The birds do bo equally avidly whether they arc m 
breeding or in nonbi^eding plumage; in other words, the urge to 
build, which in most birds is seasonal and is part of the cyclical 
soquenco of behavior patterns, is hero extended far beyond Us normal 
limits. Furthermore, in at least some of the species of typical weavers 
(many are still very poorly known as far as details of habite are 
concerned), the bulk, if not all, of the actual nest construction is 
dona by the males and not by the females. (Jn most ordinaiy 
birds the female does most of the neat building.) Thus, m the 
masked weaver (Ploceus Btlaiua mariqufjisi^) Taylor (1946, pp. 
145-155) found that the males did all t-ho nest buildingp except for 
some of the liniiig which was put in by the females. When a nest 
is completed the male that built it immediately start® to moke anotlier, 
and in ono colonv a single male wove no fewer than 11 completed nests. 

In another species, the Baya weaver of India {Floceus p^tfippiuus), 
All (1930 found that tbe males were polygamous and that the number 
of mates each was able to get depended on tbe number of complete 
nests he was able to build for them, the actual courtship and mating 
behavior taking place in or around the newly finished neat. All 
writes that In his cxperiomyj with this species— 


.. In the Initial BtnECi* s'* nHtiln* colony, no hens are an a rule in evidence, 
I have been unable to dLicover their whereabouts durin® the Gret few 
It would appear that tlie instinct to breed assorts itaclf earlier in the adult e«les 
than iu the boiia, lor it is not unlH the time when the nests have progress^ to a 
Btaxe where the eEa-chamber fa tnlshcd or neatly so. that some of the fomalrt 
become phyaJolo«ically “ripe." They now visit the colony quite obviously 
with the sole object ot '‘prospeeUng" for laying sites, L e.. to diawvcr il there are 
uny nests that are ready lor their octupotion, ... Two hens often Gght 
ooasesion of an acceptable nest. The sncceasrul hen hcncerorward boldly en^ 
ttlT^t and biwJe* hemelT with GiiislilnB olT and makinB the interior eomfortablc. 
In no casn have 1 beeu able to observe the cooperation botweca iMie wd fem^ 
BO often deacTlbcd. The lion’s share of the building—In fact off of it— fa undoubt¬ 
edly done by tbe coot alone. Her eontributlon ta only the ‘’interior decomiion ... 
The ’‘bufldln® mania,'’ as it has been eaUed, that coioeis over the adult coch at 
this BcaBon fa a Hire indication of hfa readioesa to breed ,.. 
seesai—ell—» 
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"Wliile my own field notes arc less detailed for any oau species of 
weaver tlmn are All’s on the Baya, 1 fouad males of a dozen or more 
related African species actively engaged in nest Iniilding, in the 
cases where my notes are fullest (the Cape weaver, Ploctua copenais 
olwaceua, the black-headed weaver, Pioct-us nigricepa Ji^ria-ps, and 
the Kenya Titellino weaver, Piocftw rnttUinus itfuensM) my ohservs- 
tiona indicate that the male docs most of the nffit weaving, if not all 
of it. In some other species (Jackson's weaver, Ploceua iacJtjoai, and 
the apot^-backed weaver, Plocem apUmaius) there seemed to he 
more activity among the females in this regard but still the bulk of the 
building was carried on by the males. (It may be that some of the 
"females" were really m^cs in nonbrecditig plumage, a point that 
could have been determined only by more collecting at the time. 
That this is not unlikely may be adduced from the fact that in my 
field notes on the masked weaver, Ploceu^ velaiiia arundinarivs, I 
wrote that the females take part in the nest-huilding activities, but 
Taylor’s careful study of a slightly different subspecies of this bird, 
referred to above, convinced him (Jiat tho males did all the actual 
w^truction and that the females merely added or rearranged some 
hmng materials. It may well be that the birds I recorded as females 
were males that had not yet come into nuptial plumage.) Chestnut 
Weavers {Ploctw ndiigitiosus), watched in captivity, showed more 
nest-building activity among males than females. Of Speke's weaver 
{Plt>cev4 tpekei) van Someren (lOlfi, p. 409) noted that, "dozens of 
ncsta are built by the male, but only one is occupiedj thus there are 
always plenty of old neats in all stages of completion,” 

In one of the forest-dwelling, relativeiy solitary, or at least not highly 
colonial, typical weavers, MalimbMa caaeini, of West Africa, Bates (p. 
4 jS) found that both se,vE!s take care of the young. He shot a male 
and a female at their nest, which had, "... a woven entrance tube 2 or 
3 feet long, so thin that its walls wore transparent, and the birds could 
be seen entering and leaving, feeding young," In the Cape weaver, 
Plocetts otioaceiis capenaia, previously mentioned, Skead found that 
both parents fed the young, and it appears that this behavior is fairly 
widespread in the entire group. 

^ Another section of this subfamily contains the so-cailed bishop 
birds {JSvplectes) and the whydalis (Cofiiajpoaser and its close allies). 
These birds are far more terrestrial than the members of the genus 
Piffceus and their babiia are somewhat difFcrent. Lack (1035, pp. 817 
ff.) studied the fire-crowned bishop (EupUetta hordacm Aeriacect) in 
Tanganyika Territory and found that the males are polygamous and 
do most of the neat building, each female merely finishing or lining the 
one it occupies, and each hen continuing to add to the nest throughout 
the period of incubation, eventually making it so thick that the ob¬ 
server can no longer see through it, and adding a email eacliko ledge 
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above Ibe entrance. One male was found to bave tbrea mates at the 
same time, and may have had atUl others. The males have very 
definite territoriea and the Lens apparently seek out ilie established 
cock birds. Actual mating takes place when the neat is in process of 
being built by the male, but the female has, in all probability, already 
settled in his territory for aomo time before this. Incubation of the 
eggs and feeding of the young are solely the business of the be^, 
which incubate chiefly at night, the warmth from the sun presumably 
being sufficient for tlie eggs during the daylight hours. 

Less complete data on the whydahs (Cofiuspo^wr ard^m and C, 
jactsom) suggest that these birds are monogamous. Thus, in writing 
of the latter species Jackson (1933, pp. 1469-1470) atatea that he re¬ 
gards the evidence against the supposed pologamy of this whydah as 
conclusive. Near NaimM, Kenya Colony, he had extremdy favor¬ 
able conditions for watching this species within a fenced-in enclosure 
with open grass, outsido of which eneloauic the grass had been burned. 


In such H smsll ares It was easy enough to count and mark with a atkk each 
da^tkcEng ground. This dOQO, the whole area was hurriedly quartered with the aid 
of two bora to mova and frighten away all the blrda pTeaent; we tli#Ji retired a 
short dietance, cat down and waited for them to return. Tha cocka very soon 
appeared; iho femalM were much more wary, but rttnrned in due courec. Some 
of them BctUcd In the grass nud remained ihare, evidentiy on their neate, while 
others were occupied in going to aud fro with fine graea In their bUta; thee* laitCT 
rarely remained hidden for mote than a minute at a time. Nest day we returned, 
and by quatlering every yard ol tha area we discovered four noate with thrw 
eggs, three with two eggs, one with a single egg and three not yet complet^. 
Each aest when found was marked by tying a knot in a wisp of tall by. 

At the end of a week we again returned; but no more nwt* wore found, ^d on no 
occaaioD did the femalcB equal the number of cocka, but I accounted for tbta 
through my failing to detect one or two of them as they sneaked back to their 
nests contflliiuig incubated #gg3 * * ^ 


At least it seems from this account that there wrao not more hens 
than cocks os would have to be tha case in A polygamous species. 

Unlike many of the weavers whoso courtship is performed at the 
newly constructed nest, a group of males of Jackson's whydah makw 
a roughly circular dancing area by breaking or snipping off the t^ 
grass to wmlcfl a clearing of from 2 to 0 feet in diameter. In the 
middle of this clearing are left standing a sizable number of grasses 
fonmiig a dense tuft into which the males partly c-xcavato little re¬ 
cesses. Then a number of males go through a leaping peformance, 
generally with no hens around to watch them. Jackson describes the 
position assumed by the cock as follows: 

The heed Je tbrowu back like that of a p«ud Turkey-cock, the bc^ toing held 
horisoutally; the feet hang downward, the tall ifl held rtraight “P till H touobsa 
the ™ir at the base of the head aud neck, the end* of the feathere fa^ In a curw 
downward, with the eaceptlon of two tall-feathera which are held atraight out 
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Whllis rMog in tht eJr th* hAlf-ap«ii wiiig^ are worked willi a very 

C|LJick ahiv^nng motfoUp Abd tbe feet are alao bnoved up and down very rapidlv, 
beating th^ air, 

Tbe bird springs atraigbt up Iq Use air, Eomotiinea for A few inches and sometlmK 
to the height of two or more feet, and then drops. 

The whoio of the plumage ifl much pulled out throughout the perfornmnee^ 
which is repeated five or Mi timea, with a ahort interval for reat* 

The game would appear to be Bomowhat fntigmiig, as the bird rarely makes 
more than five or sis jumps at a time without a short re&t - . . They very often 
aa$umo their cuiiotie jumping attitude some Uttle diatanco before they arrive at 
their playground - . . 

Besides the data quoted above it luaj be added that appareutlj 
hut one moJe may mako use of one dauem^ area* and that oft^ at the 
end of ttic jumping dance it appears to try to burrow into the shallow 
receasca of the central tuft of grasses (os though there were nests 
there), 

Jackson^s whydali shows the courtship behaidor pattern developed 
to a greater degree of display and ostensible rival rj" between males, 
and to a greater specialized areal usage (courtship, or dancing, ground 
as contrasted wjtli nesting site or even breeding territory) tlian others 
of its relatives, but the dliForcnce seems to he more one of degree than 
of kind. As typified by its habits^ this section of the terrestrial Flo- 
ceinae may be said to he characterized by elaboration of courtship 
beliavior from indlviduai displays near the nest to a oomples display 
at a dancing ground, and by what seems to bo monogamy, (More 
detailed information is needed on this point, however. In the cose of 
the black whydaJi, CoHu^pit^^et conc^lcfTj and of the red-coUared why- 
dab, Cotiuspa^ser ardcTM, there are obsorvalionol data supporting a 
monogamous state; in tbe long-tailed wydaJi, Cdiuspas^^r proem, 
similar but leas exteosive data suggest polygamy.) Recently D* 
van Somoren (1945, pp* 131-141) has concluded that Jackaon's why- 
d^ is polygamous, but his own presentation of the case is not t4Xi p<®- 
itive. Thus, he writes that— 

■ , . polygamy appears to he general, and feems to miftc because of the impftr^ 
feet correlation hetweeu the mnturatiou of the males And femnlefl. Some mates 
DintLire early^ othem late, and the early malea may eeaae dancing and atort moult¬ 
ing whUe later mates are jnst beginnfog to assume breeding pluinAgfi and dance. 
Thla irregular nuktumllon of the malna may be spread over several mouttiB, while 
by con treat, the feuiale^i mature almost ajmultanentiely^ aud all neats are found 
at the same atago of building or lucubatLou witMu a few days. Since the eex- 
rfitlo of tbe miied flock £« almoet 50:60, late maturing males are thus able to 
mate with several fenuJes, because the mature females probably uow outnumber 
the {nature raatea. Malca may commenoii dancing oome four inontha before tbe 
hrut neat ia found* but these early malefi are probably unauKeMfiil at mating be¬ 
cause of the unready state of the females. Maloa may Btart dancing whiln atiU 
Lu nou-breedJng plumage, bat tbe behaviour pattern of these irainature is 

undeveloped in several respects. 
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It may bo noted that the ikssumption that late-maturing males are 
able to have several mates is based on the thought that more females 
are mature In the later than in the oarlior part of the season, but, only 
a few lines above, van Someren Informs us that all tlie females mature 
simultaneously, which would imply that the females mature later 
than the early-maturing males. It would seem, from this, if van 
Someren’s assumption be correct, that the early-maturing mutes might 
bo no longer in breeding condition late in the season when mates are 
availablo, or else they would compete with tho later-maturing cocks 
for the hens to a degree sufficient to diminish the likelihood of tlio 
late-maturing mates having more tlian a single mate apiece. 

The care of the eggs and the young appears to ho left wholly to tho 
females, and. as far os tho incomplete evidence goes, the actual neat 
building is also done by the hens of the various species of whydahs. 

Wo have but little reliable data as to the territorial aspects of the 
lives of most of these birds, e.vcept for Jackson's whydah. In his 
study of this bird van Someren found that—' 

... true territoriul behavSbr becomoa evident early in the sosual bicak-up (rf Ibo 
flock, Tlie melcs, isolslitip tliemKives on ringn (i, dwi&ing areas) egtobliah a 
welMeOncd territory of eniall extent, of which the ring itself is the food poiet; 
the territory extends oil rovind the ring at a radiu-i of fi to 10 feet from the control 


A fp n>bl«> alighting anywhere within this territory may be solEelUid by wurtahip 
behavior by the nsale on tho ring, even though she may not alight on tho nng 
itself, .\nollicr fuU-plunaaged male alighting on thb territory la treated la one of 
two ways, depending on the attitude of his tad oa ho Rights. If he alights wtih 
his tail arched and the two outer plumes drooping as la tha daneing attitude, ho 
is attacked with pursuit Bight if tho owner is prowut in the territory. If however, 
the intruding male alights with his tail folded in the normal flight attitude he Is 
usually aolleited and displayed to he the owner a* if he was a female. It a very 
Dotleeable that when a mate returns to bis territory from outaide It, the tail w 
arched and the two enter plumes drooped the moment he crosses the boundary: the 
bird alightH in the danelng attitude, and thus shows his ownership by his 

Where two or more rings are found within a fow Inches of ono another . . . 
they are all formed bv tho one male, who may use them alternately wtiiie dancing, 
and keep them all In good order . . , rings occupied by two separete males m 
not found closer than about 12 fret. These boondariee ato aecept^ by the o^er 
meinbem of the flock early in the break-up, henoo territorial squabbles are sel^m 
«*n late In the season ... This territory b related purely I" «tual fun^OM 
and has no food significance; feeding b carried out In a mired flock even In the 
height of the dancing seaMU, oa neutral ground whore sexual rivalry la notably 


Purtharmore, this territory appears of no sigoifleanoo to the females apart from 
the fact that they ore attracted to tha rings; they ate unaware of the boimdarfre 
of the male territories. At msting time, the males cease dancing viproualy end 
the (oain dancing area may become completely deserted; the temalei n«t tea 
dMertnt ftrea is uaimlly fiome diflUiiM awfty from the dancing grounds. The 
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to he grouped togeth-arp And Rre immlly About 20 to 30 tent Kw&y fiotu 
the Dearefft ting U males have bean dAnelng prevlcrtialy In tbe neighborhood, Le. 
^'ell outside the territory boundaries. 

In conoecLion with the derclopmGiat of courtahip poaturiogSp it may 
be pointed out thatp unlike the members of the arboreal Ploceinae^ 
the why dabs p andp bo a somewhat lesser extentp the bishop weavers^ 
have very marked sexual dimorphism m tha breedmg plumage of the 
adults and many species have elongated or otherwise specialised 
plumes in the nuptial dresa of the malca. In the notibrccding season 
the sexes generally look alike. 

Before going oti to the next subfamily, we may briefly summarize 
the situation hi the typical weavers (Ploceinae). Many of the species 
are colonial {which means, in effect, that in most of them the itidividual 
nesting territories are iioncxistcnt)p and in those species tliat have been 
most fully observed the nests are buUt largely or wholly by the males. 
Furthermore^ in some forms it seems that the males arc regularly 
polygamous and that the nnmbor of mates each one acquires depends 
on the number of nests ho has been able to provide for his mates. 
From the standpoint of our hypothetical ^'standard** picture of the 
cycle of breeding behavior pattems this implies that the firet stage— 
migration or the fragmentation of flocks into individuals or pniis—^ifi 
omit ted j tliat territoriality is likewise skipped, and that the usual 
sequence of courtahip and nest building is reverBed, As we bavo noted^ 
tiie actual courtship and mating takes place in and about the newly 
completed nests the males have constructed. The Ploceiuae take 2 
years to acquire adult plumage and to come into breeding condition k 

This summary is correct as far as it gocs^ but there is still one more 
variation in the reproductive behavior pattern exhibited in this sub¬ 
family* One species^ sometimes called Kendall's seed-eater, some- 
timea {and more properly) the cuckoo flnchj Anom^ospim imherbi^, 
a bird with no very dose relatives^ but apparently nearer to the bishop 
weavers than to any other assemblage, is wholly devoid of any nest- 
building or meubating or rearing instinctSi and is, in short, parasitic. 
It is still very Imperfectly known, and all that may be said with any 
certmnty is that it is parasitic on small ground-nesting (or near the 
gromni uesting) warblers of the genera CUtU&ta and Prinui, (Six 
species of the former and one, possibly two, of tJie latter genus are 
knoivn as hosts of the cuckoo finch.) As Delacour (1943, p, 71) has 
recently pointed out, the fact that agrees with the 

Vidulnae in being parasitic does not necessarily imply close relation¬ 
ship to the members of the latter group. In most reapecta it seems 
best placed, taxonomically, with the Ploccinae, but, it muat be ad¬ 
mitted, is an aberrant member of that group. It is a fil%htly gregari¬ 
ous bird, living, at least in the nonbreeding eea^n, in loose flocks. 
Nothing is on record concerning ita courtahip, sexual relations, or 
territorial habits. 
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The next subfamily ia a much smaller assemblagi^the buffalo 
weavers (BubalorDitUinae)—containing only two species, each with 
several races. Unlike the typical weavers these birtla do not construct 
nests of lino weaving and elaborate structure, but make rather bulky, 
massive nests of twigs and thorny bratiches, rough and untidy in 
general appearance, and not suspended from, but placed on top of, 
the branches of large trees (in my exporienoe often baobabs). The 
hirda are colonial and the nests are often placed so close together that 
they aro actually in direct contact with one another. Jackson (p. 
1380) records that ho saw where branches had given way under tbo 
combined weight of too many of these nosta on several oecaaiona. 
Brcbm found as many ns 18 nests in 1 mimoBa tree in northeastern 
Africa. The nests are often 2 or 3 feet across and are used and 
repaired and added to year after year. Each nest of the black buffalo 
weaver {Buhalomis olbiTottris) contains two or more chambers, lined 
with grass end straw, each with an entrance facing away from the 
other. The only nests I ever saw of the other species, the white- 
headed buffalo weaver {Dinemdlia dfnemeifi), had but a single cham¬ 
ber. There are descriptions in the litemturo of nests of Bubulornis 
containiug more than two entrances. Priest (voL 4, p. 220) writes 
of one that . there were numerous entrance holes, and it looked 
as if about a dozen birds lived in each of these communal nests . . 
That the urge to build is extended in these weavers beyond the usual 
small part of the annual cycle of most birds, as it is in the Ploceinne, 
ia indicated by some observations made in Darfur, in the Sudan, by 
Lynes, who noted that"... at all seasons we found these Textoia 
(=B'a4t*ferais) banging abont their everlasting great nest-clusters, 
into which, even in midwinter, birds with quite inactivo sexual organa 
would sometimes carry twigs as if nesting ..." 

Many years ago, in southwestern Africa, Andersaon described the 

nests as follows: 

TJw collective nests wosiat extertmllj of an immonse msis of drr twl^ and 
atiolcs, In which ars to be found from tour to tax separate nests or holes of an oval 
forro/winpoeecl of grass only, but united to each other by Intricate maasM of 
Btioks, defying the ingress of any intruder eicept a amaU ennko. In each of ihcao 
aoparato holw arc laid three or four egtjs - - - I obtained no less than forty of 
ri i ji " ... and on the following day the bird* were busy in repairing one of 
ibe colteerivB nests which bad been injured during tbo collMlion of the eggs . . . 
I believe these nests aro annunUy added to, for, so far aa I have been abln to see, 
tho same nest ie retained for oevctal consecutive Kaaons. 

Wb do not have nearly as complete information on the hullalo 
weavers as on the typical onea, but what data are available mdicato 
that the birds are colonial, that there is little or no observable evidence 
of any prenuptial fragmentation of wintering flocks, and that the 
males do at least part of the nest building, ^^^lether they do it all 
or not is atiU unknown. 
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The evidence does suggest that the nesL-buiiding habit is indulged in 
out of the breeding season and by nonbreeding birds; not too different 
from the typical weavers in this respect. 

The next subfamilyj the sparrow weavers and social weavers (Ploce- 
passerJnae}^ sho^va a great Indulgence in nest buildingp in and out of 
the breeding time^ which culminates in the truly ^antic communal 
structures of the social weaver 60cim), ThuB, of one 

South African sparrow weaver, Plocejmur mahalit Roberta (1940, 
p, 332) ^Tites that— 

« . « a oiogle pair of birds will eonstruct as many as a dostea nesta of wha tiab giau 
etema on the projecting bnncheSp these being arebed over tbe top with two 
entraiieea bdow oa opposite ddcap so that there is no cavity for tbe eggs and 
evideotly made for amusemeot only; tha ideate In whieb tbe egg? ore laid have 
only DUO entraDca and ore warmly lined with feathery graoQ tops « ^ . 

A somewhat different description h given by Stark [l9QQf pp. 84-S5) 
who informs ns that tho species is— 

r . . of GDciat habita. It nomalng fn flock all tbe year round And breeds In compaiLy^ 
several neata being generally built In a ringle tree, lUrely have 1 met with more 
pugDoeious bird?; tbe maloa in Bpring are constantly hgbtiogg and so desperate 
ate their quarreLs that tbo combatonta frequently lie nxbaiuted, side by ?ido^ on 
the ground^ incapable for further movoment . * , The neata am largep poogMy 
built, kidney-ebaped structures, usually placed near the ends of the branches of a 
mimo^ or other thorny tree. They arc eon^tmeted of long pass^slcms, the 
blades and flovrering tops being woven together, the atUEf stalka projecting in oU 
dfrectiooe. During the winter oaoh neat has two eulraneea from below, separated 
fn the interiQr by a narrow bridge of groBs, on which the birds most. At the 
beginning ol the breeding seaaon one entrance is stopped up with leaves and grass, 
a shallow cavity being left in which the female deposits two or three egp . , , 
As soon 03 the young are on the wing:, the second ontEance la unatopped, and tbs 
nest ia again used, both by the old and young blrda^ os a moating place. The 
nests are annuaJly repaired and last for many yearn. 

A somewhat aupiloi' accDuiit holds foi" another speeiesp the 
headed social weaver of East Africaj Pseudonigrita arTia^udi. J&ckBon 
(p. 13S4) eomiucuts on the remarkable ueafc of this bird— 

, . - it fe very large and quite eiceptioKioUy compact^ and has two enlroncefl 
pointing downwards. During the p<^od between brcic^ing boosoui these neits 
are used for roosting^ tho birds testing on the ridge between the two entrances^ 
In the breeding season one of the holes is stopped up and tbe eggs are deposited 
In a depression beyond the ridge on the material used for stoppiug up the eeeond 
entrance. The nest id hrmiy woven to several twig? or branches , - . bi snmll 
clumps or flv* to eight nests togothor^ 

Of a alightlj different race of tho same Bpecics Jackson found (p. 1385) 
the neaU "... were packed together so closely os to form almost one 
compound Rest." 

Probably the most remarkable of all weaverbirds' nc^ta is that of 
the famous sociable weaver of the western arid portions of South 
Africa^ Phiklairus aoefua. The etionnous communal neata built by 
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these little eparrowliko birds attain truly great proportions—as mu^ 
as 25 feet long and 15 feet wide at the base and from 5 to 10 feet in 
height! While each nest is the product of not a lone individual, or 
even a pair, but of a whole flock of as many as “5 or 80 pairs, atill the 
sheer bulk of the nesting material gathered and placed by the faiida 
is a striking testimony to the tremendous year-round urge of the nest- 
huilding ii^tinct in this species. The time I spent studying this bird 
in the western Transvaal in 1025 was one of the moat fascinating 
experiences an omithoiogist could have, and I cannot refrain from 
including here part of my notes, at the expense of repeating some itoms 
already published in an earlier paper (1030), 

As the common name of the bird implies, PAi/itatrus is very social 
in its habits; in fact it is probably as social as any bird could possibly 
be. It is always found in flocks, feeds in flocks, and breeds in large, 
many-apartmented compound nests. The smallest flocks that I saw 
contained about 20 birds; the largest one at least ISO. The flocks 
seem to stay pretty much in the same general vicinity all the year 
round, and the bir^ use their hugo, massive nests as roosting places 
during the nonbreeding season. With this extreme sociability and 
sedentary habit of life the territorial relations of the specira have been 
modified in a way tliat is quite remarkable, perhaps unique among 
birds. Instead of each pair of birds having its own breeding territory, 
each flock seems to have a definite territory, and as the individual 
flocks are usually far enough apart not to compote with each other, 
the boundaries of these territories are seldom crossed by individuals 
of other flocks and other territories. However, in a few cases in my 
own experience two flocks were fairly dose together (i. o., two nests 
were on trees not very far apart), and the birds mingled more or less 
while feeding, but in these coses far more fighting and quarreling was 
observed than in all the others together. In an area approximately 
100 miles long and 10 miles wide, or 1,000 square miles in all, 1 found 
only 26 nests of the social weaver, so it can bo soon that the flocks 
ordinarily do not live in very dose juxtaposition to each other. (The 
nests are so large, and so conspicuous at great distances, and the 
country so open and easy to examine, the trees being so relatively few 
in number, that I am quite certain I found praetieaUy every neat in 
this area.) 

The nests observed varied in sbe as did the flocks. The smaUest 
neat found measured about 3 feet in diameter at the base and was 
about 3 feet high and had about 10 entrances on the under surface, 
indicating that it contained that number of indiiddual nests. The 
largest one found was incomplete, i. e,, a piece of it had broken off, 
breaking its supporting branches by its weight, but the remaining 
part was a large, flat, horizontel mass of straw, more or loss repaired 
at its broken edge, and measured about 25 by 15 feet at the base and 
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was about 5 feet high. The pact that had bn>keEL off must have heea 
about 5 feet in diameter each way. This nest contained about 95 
nests within it- 

In a locality where these birds occur it is impossible to remain long 
unaware of their pfesence. Trees are not bo numerous but that each 
one becomes an object of more or loss importance in the landscape. 
Needless to say a tree on which there is a social weaver^s nest is a wery 
conspicuous object, visible for a great distance and widely prodEums 
the presence of the builders* But the birds thcniBelTes soon intrude 
upon ODo'fl consciousness vrith their noiej^ harsh ^ chattering notes as 
they fij by in floeka ot feed in scattered bunches upon the seeds of the 
smalls stunted shrubs and plants that wrest an exUtenco from the 
inhospitable soil. While feeding they keep up an incessant chatl<er 
much like a flock of house sparrows^ and, hke them^ frequently quaireJ 
over bits of food. In flight they all act in unison with a precision 
quite remarkable for birds of their type, the whole flock tumingp 
rising, faUing, wheeling, and stopping more or leas together. 

Altlioijgh the birds live in compound "apartment-house” nests, 
feed and fly in flocks, and are at all times exceedingly gregarious, they 
seem to establish fairly strung mating relations ns far as my field 
observations indicate, ff they were haphazardly promi^uuus they 
would be forever in each other's way getting in and out of the entrance 
holes of the individual nests in the large communal structures. As a 
matter of fact^ the harmony of life within each colony^ tho lack of 
what may he likened to traffic congestioup i, e,, the coming and going 
of birds in the task of providing food for tJie youngs the fact that out of 
numbers of individual nests examined fay various observers none were 
found a“ith uuusual numbers of eggs or youngs fJl argue for individu¬ 
ality iu nest occupancy. Whether each male has only one or several 
mates is, however, unsown. 

There have been several attempts to explain Lite s true lure of the 
laigc, composite nests of this species, acme writem claiming that each 
pair of birds builds an individual nest, all of them doso together, and 
then the flock huUds the common roof over all the nests, w'hilo other 
WTitcra have recorded that tho flock builds a lai^o structure and tJien 
each pair builds its individual nest into this structure. I never saw 
tho actual beginning of a nest, and the smallest nests I found were, os 
mentioned above, complete structures with numbers of nests within 
them* However, Roberts (1940, p, 333) describes the construction 
of the communal nest as follows: 

* . . first A roof is coiiEtructcd of eo&rso frtr*wa in Uie stroiig branchos of a - - ■ 

tree, and Under thla & i^at number of neflt-ebainberiv are nmdo hy nippjpg off 
the BtrawH to form a tunnel upwards wim a chamber at ooe aide of tbe lop uf the 
tunnel; each pair of blrda has it* own neat-ctiaiiibef, and Bco«a of pairs mnv 
occupy the same colouy. 
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To thh I may add that regardless of how the fiist sUrt is m&dop it is 
true that all through tho uoubrecding scasoQ, the entire flook does a 
laiga amount ol roofing and general enlarging of the whole fijffair so 
that it is true that subsequent individual uesis are built into the large 
structure. The msta are added to year after yearp md frequently 
become so large and boavj'' that they break the branrhtss upon which 
they restp and crash to the ground. All the buxls seem to work 
together equally, apparently the males as well as the female and 
even during the breeding seasonp whan they have 3 ^oung in 

the nest^ tho male birds may bo scan carrying straw to tiio roof or 
other parts of the common stmeturep not nccoasarily close to their 
own respective individual nests. The huge^ massive iiffaira are 
composed wholly of dried grasses of a rather coarse, tough sort that 
grows commonly in southwestern Airioap and the seeds of which 
enter into the diet of tho weavers very largely» The material is not 
really woven or even plaited on the surface of the nestp but ia rather 
roughly put together in about tho same way that hay is put into a well- 
made hay rack, but with a fairly definite thatching arrangement^ 
causing tho rain to run off and not soak through. The under side 
of the nest presents the roughs hard ends of the coarse straws and fortns 
a veiy uneven surface. 

In the sparrow weavers and social weavers (subfamily Plocepoa- 
Boriuae) we find, thenp as far as our incomplete data permit us to 
generalisep an annual behavior cycle characterized by lack of migration 
or winter flock fragmentation, a substitution of a communal flock 
territory for individual ones as far as nesting is ooncemedp and a very 
marked developmentj both in seaBonal duration aod in individual 
activity, of the nest-building habit. The published observotional 
data indicate that both sexes participate in nest buildingp but those 
data arc open to question because of tUe similarily m plumage of the 
males and females^ whether one or the other doca most of the con¬ 
struction IS not known* Nothing appears to he on record concerning 
the courtship habits, so it is not poBsihle lo ascertain whether this 
part of the cycle comes before or is associated with alrotnly completed 
nests as it is in some of the typical weave4*a (Plocemao)* 

Turning now to the next group, tlie weaver finches (subfamily 
Passcrinae)p which group includes the ubiquitous house sparrow 
(PfflSfffr and its relativcSp we find a different range of n^t 

types. Some, like the house sparrow, build fairly bulky, formless, 
untidy neats in treesp on ledges, comici^ of buildmgSp even in holes 
In trees, and oth(jr elevated sites (never on the ground). When 
built in the branches of a tree the nest usually is domed with an en¬ 
trance on one aide, and fairly abundantly lined with.feathera and other 
soft materials; when built in a hole the lining b much reduced ob b 
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the rest of the Host structure. The birdg are mulUplfr-brogded; both 
sexca take part [q nest buUdlu^ and in caiiug for the youog^. 

Although Uio nests are not such as would, in and of Ihemselrea, 
suggest that thoir makers were overly involved in building activities' 
there is evidence that In a closely related species, the Cape sparrow 
of South Africa, Pmstr TnehiTitirus, the birds use the nests throughout 
the year as sleepi^ places " .,. especially in winter, when nosts with 
more warm material aro often specially built for the purpose” <Boberts, 
1940, p. 334). In other words, in this specie we find some indication 
of n^t-building activity outside of the breeding season. Whether 
this is true for other forms of the genus is not known. 

To return to the Louse aparrow, the reproductive behavior cycle, 
as reported by Jomdain and Tucker (1938, pp. 157-158), is quite 
peculiar and is still in need of further study before it can be properly 
interpreted. The— 


. . . prornuient feature €f hrwdiDg^aavscin is noisy diaptay, jo wbfoh sometimes 
one, but eommooly sevenil tnalea hup with loud ehJrpinga. round femaJe with 
elevated and tail and drooping wings, but merely elicit pecks from irritated 

mn . . . Whole perforrnance com moniyeotU with sudden diapcriia: Of participants 

and appears unconnected with coition or even pairing. Gengler relates tatter to 
rough-aod^tumble scrimniageo botweco severaJ maJoe without display female 
commonly becoming iavolv-ed as well, tbough sdeciioii of mates as result of these 
tueslM see^ not v«y clearly demonstrated. Coition is Bormally eollclted by 
femeie with drooping wings and twittering note, without display by mala and 
may be repeated aa many aa a deien or fifteen times in sueewaion. Same obaerver 
States that both mated and unmated birds of both seies are involved in displays 
but tlmt mated males display only to other females, never their own. He Inters 
display ^ rehet of former gpnnine courtship, now fuoctionicss mrcept as 
outlet for perelstent display instinct . . . esttpiionally coition may he preceded 
by typical display of male without usual solicitation of female. 

There b ovidoucc, aa well, that the spedea has a polyaudrous or promis¬ 
cuous toudancy, aud Thompson (quoted by Jourdaiu and Tucker) 
coMidm the noisy diplays arc explamed partly by this tendency, 
and partly by the males coming into breeding condition before the 

OthCT members of the subfamily, such as Ibe yellow-throated spar¬ 
rows of the genus Pe/ronia, the rock sparrows of the genua 
^^d groy-he^^ sparrow, appear to nest chiefly 

If not wholly m holes m trees, m old woodpecker or barbel holes, or 
even in amUblo natural holes of not too large a ante. They eeuerelly 
hne these nesting boles with fibers and feathers. The gre?-beaded 
sparrow has adaphKi it^lf to human habitations aud^^uently 
nests under the oaves of huUdings. The chestnut sparrow, So„«d 
emrniiry, not infrequently mak^ use of old nests of other weaverbirds 
dthou^ It does at other times btiild for itself 

The absence of adequate dam on the membere of this group, other 
than the Louse sparrow, makes it impossible to generalise on any broad 
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scale or sure found ailoo. It is safer^ then, merely to Eummarize the 
picture in the one relatively well-known member. The picturo of 
courtship display is markedly altered from what we are in the habit 
of considering normal for most passerine hinds—^males displaying to 
any females but their own mates; females apparently soliciting rather 
than permitting coitionp a precarious monogamy with a 
toward polyandry and promiscuity. 

The scaly weavers of the genus Sjwrapipff# form a subfaimlj by 
thcmselvesp the Sporopipinae. They are not too well known^ but I 
have found tbem in very loose flocks or small assemblages in the dry 
thombush veldt of the Traru&vaal, where they feed on the ground 
like the Passerinae. Tlio South African epccics (Sporopiptd 
fions) breeds during the southern winter as a rulcp but at times during 
the summer as well^ suggesting a not too well delimited nesting time. 
These birds are not colonial hreederflj but build their roughly globular 
nests of grass stems and fine twjgs^ with a fairly pointed lateral en- 
trance^ in the middle of the dense Ihoray branches of shrubs and low 
treesp Two nests that f found w'ore less globular than published 
descriptions indicate is usual. They wore somewhat similar to the 
untidy structures of the house sparrow-^p but smallerp slightly more 
compactp and less irregular in shape. In my field notes I described 
them as horizontal cylinders rather poorly dosed atone end, and made 
of gra^seSj fine twigs, strawSi etc. One neat containing three eggs 
was being very timidly guarded by two of the birdsp presumably a 
pair (the sexes look alike). The birds would not stay near the neat 
while I was close to it^ but returned to it as I walked away. Nothing 
seems to be on record concerning courtship, mating, or territorial 
behavior in any of the scaly weavers. 

We now come to ihe subfamily Viduinfle, the mdigo birds and tho 
widow birds, containing a dozen species, three of which are definitely 
known to be parasitic and the others are suspected of having similar 
breeding babiU. This group is somewhat intennedlate betivoen tho 
Ploceinao and tho next subfamily, the EsLrjldmae. Like I ho mem¬ 
bers of the Ploceinaep the Viduinae take 2 years to acquire adult 
plumage, and do not breed until then (the Estiildinae breed when 1 
year old, as do the majority of smaH passerine birds). The adult 
moles have a breeding plumage in which they are very different from 
the brown, streaky hens and year-old birdSp the former of which they 
resemble in the nonbreeding plumage. (The Estrildinae do not 
show any seasonal plumage change as a rule.) The best known of the 
Viduinae is the pin-t^Hed widow bird. Vidua maa-owa^ and the fol¬ 
lowing description of its habits is taken largely from my field notes 
coupled with pertinent data in the hterature. 

Vidua macr&wra is a gregaiious bird and is usuaUy seen in flocks of 
from 5 to 50 birds, depending on the season. In the breeding season 
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in SouUi Africa, where senaons are definite, the fiocke tend to break 
up end the birds pair ofi more or less. Yet it is not iincoEnmoQ to 
see smoU flocks ail through the breeding season. Such fiocks usuaUr 
contain but one fuU-pIumaged male and the rest of the birds are in the 
brown hen type of plumage. In some cases I shot into the flocks and 
found that die brown birds were year-old males, but in two cases the 
birds proved to be females with fairly enlarged ovaries. It seetns, 
therefore, that this bird U somewhat polygamous, although I should 
Judge from most of the cases 1 have observed (and they are many) 
that it is frequently, if not usually, more or less monogamous. In 
equatorial Africa aU the individuals of the species in any one locality 
do not breed at the same time and these flocks usually contain a 
breeding pair and either year-old birds or nonbreeding adults. The 
lack of definite seasons complicates things superficially to the eictcnt 
that the apparent state of affairs has no real relation to the actual 
conditions. 

This widow bird is largely terrestrial in habit and gathers most. If 
not all, of its food on or near the ground. However, in Natal, at 
least, during the southern winter the birds go about in large flocks and 
spend much time in the trees, where they act and sound not unlike 
small finches such as the North American redpoll, AcaraKU ftiMino, 
They are by no means confined to trees and are found in tail grass 
and in reeds along stream bonks. Dunng the breeding season the 
males often use isolated trees as perches from which to sing and to 
watch over their territories, but the birds spend by for the greatest 
part of the time on the ground. 

On November 24, at Woodhtish, Transvaal, I saw an adult male 
in full breeding plumage. It was perched on a bush in an open 
grassy field, and as 1 approached it flew off to a nearby bush and then 
to another not far off as I came close again. It made a small circling 
flight end came back to the original bush. On and off during the 
Host of the day X found it there each time I visited the spot and found 
by repeated trials that it could not be induced to leave it. It had 
definitely eatablUhcd its tctritoiy there, and apparently the bush in 
which it was first found was its singing perch, The nest day I spent 
a couple of bourn watching it and tried to make it fly off, but it would 
not go wore than a hundred feet and then circle back gradually. 
There was a single hen bird in the immediate vicinity. 1 shot the 
mole and found the testes were much enlatged. The plumage was 
still veiy fresh; in fact the long central rectrices still retained a IttUe 
of their sheaths and one of them was so loose that it came out when 1 
skinned the bird. 

In the same region I watched two other males that were established 
in their individual tomtoncs. One of them was watched for 3 
eucoessive days and was apparently without a mate as yet It had a 
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territory about 400 yards in diameteFf considerably larger Lhan tJiat of 
the first rualcp but more open, less bushy^ and probably contiunod 
possibilities of no greater number of nests to parasitiza tbon the other. 
The third and lost male bad a smaller breeding area and was usually 
accompanied by three or four broviTuah benlil^e birds. I shot one of 
these birds and found it to be a male—a year-old bird in first nuptial 
plumage. 

The courtship displayed was first observed at Woodbush, TronsTaal^ 
on December 1. The male flew up from the ground and hovered about 
2 feet in the air directly over a female^ with bis body feathers slightly 
ruffled aud his wings beating rapidly. With each wing beat the four 
long rcctrici^ were violently Jerked and mado to streara boisterously 
over the femalej mueb after the cascade typo of tail display of Coli- 
itspnutr ardene and Coliu^pas^er prociu. 

On another occasion, in equatorial East Africa, I saw a male display 
to a female that waa perched in a thorn tree. The display was similar 
to the ono already described ^ the male danced in a stationary posi- 
tion as though, suspended in midair ii couple of feet above the female. 
Ob still other occasions I watched males courting when there were 
several of the brownish hen-feathered birds present. In all sueh 
cases X noticed definitely that the male tended to conJiue liis atten¬ 
tions to one particulai- birth It seemed though there w'os but one 
female and that the other brown birds were year-old males. In one 
case I shot the whole band (five brow^ birds) and found that one was a 
female in breeding condition and the rest were young males. 

Inasmuch as this widow' bird is parasitic in its breeding habits it 
is interesting to compare it with the cowbirds of the 

Americas. Tbs chief difference seems to be in their sexual relations. 
Both are more or less monogamous but the Ftkfua tends toward 
polygamy while the Molotlirus tends toward polyandry. 

The vocal efforts of this species are not remarkable. The usual 
call notes are weak, high^ but sharp something like the weaker 
notes of the redpoll ffjiantt). When a band of birds calls 

simultaneously and rapidly they produce a light twrittoring chorus. 
The song is a rapid but modulated repetition of the coil note and 
usually consists of from 5 to 10 syllables and occasionally more. 
It is given in flight as well aa when at rest. Curiously enough, I 
never heard a male sing while going through hh display dance before 
a female p 

As is AveU known, this species is parasitic in its breeding habits; 
i* e*, it lays its eggs in the neats of other birds and leaves them to their 
care- moerQura is not the only ploceid exhibiting this habit — 

V. re^ and VI paradUea and, ns we bave already noted, Anoma- 
fospiEflt are fdso parasitic, and probably the other species 

of Vidua will in time be found to he parasitic aa well. Vidua 
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macrourti ia pamsitic cMefly on waybills md gonerally lays but om 
egg in fl nest. I havo seen seta contaiDlng twOj threep and even, four 
of tho widow bird^a along with those of the vlctimSp but such 
sets not usual. The are pure whito and differ from those of 
the common fosterera only ia size. 

The following birds hare been found to be parasitized by 
macr&ura: 


Lanchum truTatm 
E*irilda tuirtld 
EHrilda tvhfiat/a 
EHrilda 

Estrilda fRa.i«£it«i 


rhodcp^ga 
Etlriida dclamiT^ 

L<i^noiiica ru&ric^a 
AiTMiur^Aet frinffiUoidtM 


The incubation period b 12 days. 

The breeding season in South Africa b late in the southern sununer— 
Januaiyj FebruaiTp and early March^ sometimes earlier. In Konya 
Colony the species breeds during both the short and the long rainy 
seasons. The short rains come in November^ December, and Jan¬ 
uary j the long rains in Aprils May, June, and July. As one gioes 
northward the rains shift to Inter In the calendar year; thus in the 
southern Sudan tlie long rains attend Into September and start 
correspondingly later than in Kenya Colony. 

The young VidTia does not always crowd out or starpe out its nest 
males (at least in the few cases 1 watched) as do the young cuckoos 
and cowbirds in so many cases, but oil g^w up together. Fully 
fledged young Vidua maeroura are often found In flocks of young 
waybills after leaving the nest but they do not remain long in these 
assemblages. Before they get ready to molt (postjuvenal molt) 
they form flocks of their own, I have seen as many as 15 or 20 
young pin-tailrd widow birds together. FrequenUy one or two adult 
birds, often mal^ in breeding plumage, are found in these flocks. 

My observation on Vidm regiat the sbaft'-tailcd \ridow bird* Vidua 
the straw-tailed widow bird, and Vidtta orienfufis, one of the 
indigo finches, w^hile much leas complete than those on yidias macri>urat 
also indicate that the superficially apparent polygamy is actually not 
real, that while one male in adult breeding plumage may be accom¬ 
panied by a small flock of brown honlike individualsp most of the 
latter are immature birds of both sexes and only one in a group may 
he an adult female. In the case of the etraw-tatled v^idow bird, 
Viciiai I once observed what seemed to be a territorial fight 

between two moles in fuU brecdiiig plumage. 

To summamo the behavior-pattern cyde in the Viduinae, w^c may 
characterize it as follows; apparently monogamous andsolitary(?)i but 
soUtary only with respect to its mm age group (adults), not solitary 
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PutiTE 4 



1. A VeRT LARGE. OLD hfeST OF PHilLETAlf^U^ SOCIUS, PARTS OP WHICH HAD 
FALLEN Down by Their own WEiaHT 



a, THE social WEAVeRBIRo, PHiLETAmUE SOCtUS 
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PUATE 5 




1 . NEST OF Puoceus KUU^RIUS 

(Frpm Ch-fiplii, BulL Amer. M\t^. Xeit. lltAt.+ voL. ISHT.i 


E. NEST OF EUPLECTES F|_Al^MICEPS 

(Friitii Chapin, BkilL Amcr, ^iua. Nat. Hiat,, voL LB 17.) 





PU-TE « 





U|>|h:r, dqjicini; jirtullad of CirflU^pa^ifr juctwtni: middlt, mali? rtih'uJijmfFrr 
jurAiittni an iij^ dniiciag i^rttuud; lower, male C'ofiujjKi^tcr dif^plAylng to fomate 
€U iiaticiiii; {ground. 

(AU |itiQI^>mptiA QD tHld pUu from Von Straavnu, Jaurn* Ewt AMa Nai, Qlit. Spe,, Tid. 18,1«5^ 
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Plate 7 



1. Cuckoo Finch, Anomalq5piza impefthis 

(FiTj^tii cihylley^ Hirtlii i>r Africa, vdL J, 



2. YOU NS ANOMAUQSFt3£A BglNS FED BV PrLmIA FAjLVICANS 

(From Roberifl, Ann. TroDB^yaAl Mua^p voL 5, 19170 
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. CCl-ONV OF PLOCEUS SPILONOTOS 7* N^ST OF PFtNIA FtJKViCAHS WITH THREE EGGS OF ITS 

OWN AND ONE OF ViDUA REGIA 
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aa far aa immaturo^'hangersnijn^^ are concenied; courtship display well 
developed mail speelee; nest-builditig, incubatiDa^ aQdreELriiLgioBtiQcts 
completely lacking iti threo members (F. macr^^ru, 'paradisea, and 
raTta) and probably in the others as welL The young of the three known 
parasitic apocies do not seem to evict or to starve out their nest mates 
of the boat species, but may grow up in apparent amily with them, 
fioberts (I939j pp. LOG-107) finds that while this is soj the female 
parasite usually destroys an egg of the host when depositing its own 
m the no9t, but no such ob^^orvations have been published. Usually 
there is but a single egg of the parasite in any one nestp but Roberts 
has found one instance where “five eggs of the common waybill were 
all replaced by eggs of the Pin-tailcd Widow-Bird.” Dclacour and 
other writers have implied that the Viduinao are paraaltio chiefly on 
w^axbills, and even go so far as to suggest that each of the Vidulnae has 
its particular Estrildinae host species^ but this is by no means definitely 
established. Thus, the pimtailed ividow bird la know^n to parasitise 
at least nine species of Eairilda and and two pioceine 

weaverSj Coliuapasser arderts end there 

is some evidence that Vidua r^gia lays its egg lu the nest of a warbler, 
Prinia Jlamcaris. 

The last subfamily of iveaverbirdfl,. oompriaing the waxbiUs, grass 
finches^ and mannikins, is the EstrddLnae^ Delacour (1943| pp. 71-72) 
has recently summarized the characteristics of this group as follows: 

SttifiLI weaver-Gnebea uf lughlj speciaiix&d color pattam^ never slioiring a priml- 
tivo Btr^aked sparrow-tLke brown plumage aud bam-coLored bill;; seics allko or 
{iiaerent: immature always different, from adult femaJos, No ecHpeo plumage In 
male*, with one ejcceptloa. Nestlings always sbowins brEgbtly coloredp swollea 
eputOp lobes or bands at the gapCp and au omamentatiou of the tougue or palAte, 
eonBtflliD^ of spots or hoes. Eggs nuineTouj and always white; neats globular 
with a side ontrancOp but oot woven. Young biifk become adult within a year 
of their birth and aw thou able to breodp while It takes two years for young 
Vldulnae and Flocelnae to mature. Peculiar Boug and codrtahJp variable but 
eODBistent^ in a general way^ in large groups of genera. Ten primaries in tbc wing, 
the Grsl heiog very sliort and falcate, with the exception of im genera (Cfy/orptra 
and where It ll moderately long* not poroffitio. 

This largo group is composed of three natural subdiviaioiia: the wax- 
bills, chiefly found in Africa^ hut with ono gonus in Asia^ the grass 
finches, found in Australia and some of tho ifilauda of the south Pacific; 
and the caamiikins, found in Africa, Asia, and Australia. The 
Estrildinae never w^eave elaborate nests like the Ploceinae but con¬ 
struct roughly globular nests of grasst^ and leav^, with the entrance 
on one side^ and which are usually buQt near or on the groundj in the 
grass, or m bushes and low treea. Tho nests are very large for the 
Bizo of their builderB. A number of species frequently use old neats 
of other weavers^ but usually Jo a certain amount of work on the 
seusi^D—-ai 
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nests of oihcra of their own kmd instead of making new ones for 
tliemsclve^p m this prompted him to raise the following argnmcnt: 

If the bird laid in di«uged Desta It wotild only succeed ia avnidiug the labour 
of bunding^ but would atill have to Lueobate tbc iteclf. If on the other hwid 
it was aticcc^ful iu slipping into jm uoKuardod Bay a neat wbenco the broodmg 
ben hskd gono (as actually happeued on ^ptember IS] and in laying its there^ 
It would be^ quite !Jivobmtaril>\ but with gcsod effect ail tbe siamc^ ootnpolJed to 
retire on the return of tba Ic^tEmate occupant, leaving ita egg to be hatched by 
the Baya. Would such a process not tend, in course of time, to developo into, 
aod establish^ r habit of eyeteniatlc and voluntary porasHIsin ns has been observed 
in aomo African weavereT 

In this connection it may be recalled that Lyncs (1924, p, 061) found 
that in neatini^ colonies of several species of African weavers related 
to the Baya, studied by him in the Darfur Province of the Sudan, 
many nests contained one or t^vo extra eggs of the same species as the 
host, but recognwably distinct by virtue of different color or state of 
incubation, in other words, eggs that probably were laid by other 
individuals of the same kind. It seems then, both In jVsia and in 
Africa, that not infrequently female weavers, ordinarily using nests 
they have not built themselves, may lay an occasional egg in a nearby 
nest of their own species. 

The Viduinae are, aa stated earlier in this paper, intermediate be¬ 
tween the typical weavers (PIoceinaD) and the wajcbillg (Eatrildinae), 
In many species (perhaps the majority) of the former group, and also 
in a good number of forms of Qitt latter group, the hens breed in neats, 
tbe actual constructiou of which has bcou foreign to their expfirieQce 
and their efforts] in nuujy forms of the latter group, and at least some 
membora of the former subfamily, the care of the is taken over, 
at least in part, by the cocks. 

The parasitic mode of reproduction occurs, 04 far as known, in five 
Tsiddy separated and quite unrelated families of birds—the ducks, the 
cuckoos, the honey-guides, the weaverbirrfa, and the hatig-neata (cow- 
birda). There can bo little doubt that the devdopment of brood 
parasitism has taken place independently in each of these five groups, 
and it is not without signiffcance, or at least guggestivo value that 
this highly aberrant reproduction pattern has developed among the 
small passerine birds (gonemily considered to be the moat highly 
evolved of oil the birds) in those two familjra some of whose members 
have earned the habit of nest building to its highest and moat complex 
devdopment. It is ali the more notewortJiy tlmt in the wcaverbirds, 
a larger group than the hang-nests and one wilh greater diversity of 
behavior patterns, the parasitic habit has developed in two sub- 
famines, apparently independently—the cuckoo finch, Anomalospism 
™ ,™' in tbe Floeemae, and in the membara of the Viduinae three 
of which are definitely known to be parasitic, and the rest of which 
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are BtroDgljr suspected of baTing the same habits Many more details 
have still to be learned of the annual cycle of bohavior pattema in 
these birds before it may bo possible to attempt to determine the 
precise causes and the subsequent eTOlutionory paths that twice in 
the history of the weaverbirda have lead from nesting and incubatjon 
and coritig for the young to a state of brood parusitkm. 
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NEW ZEALAND, A BOTANIST'S PARADISE 


Bt Eodeht H. Waxkeu 

CuTOlt^rf Deparimcni o/ i?^an^r Ul 8. NnH^nal MuieMffi 


[Wllb W M4m] 

introduction 

The wisest traveler learns as much ds possible before a trip, sees 
all he caQ during his journeyp and corrects and enlarges his knowledge 
by further reading and inquiry after returning homo. This article is 
the outgrowth of the authorns short but full visit in New Zealand, 
which was ideal in nearly every respect except for lack of advance 
knowledge of the country, especially of its botany* It suggests what 
the writer would have liked to know in advance but bad to learn on 
the trip and after it. The su^cstions given here for further reading 
may be of interestp not only to the fortunate few who ivill visit Now 
21 c^and in person, but the greater number who may do so vicariously 
by reading and by Ibtening to those who have gone*. 

The plants of Now Zealand can hardly fail to gain the attention of 
the visitor, and the student of Now Zealand will find abundant refer¬ 
ence to them in his readings People in an industrial coutitty may 
ignore the plant life, but those in an agricultural land like New 
Zealand cannot escape the imprint of the vegetation on their 
lives. New Zealand is a laud of enthusiastic and competent amateur 
naturalbts, and its professional botanists arc outstanding. The vbitor 
will find a local naturalist in nearly every town or center, who b eager 
to shore his specialties w ilh the stranger and to show him the offerings 
of the field. The traveler to New Zealand will probably first meet 
the introduced flora which dominatfs the landscape m the inhabited 
parts. Only when he visits the more remote and undisturbed areas 
will he see many of the native plants. If he baa an economic or 
agricultural bias, probably the grasslands, the backbone of New 
Zealandb economy, will impress him most. (See pL 0.) If ho b 
conservatioa-mitidcdp the sight of the vast area of shrublond and 
femlaiid (PferitiitMu ogiiiVi/iuiw var. rscu&ntUfn) w^Ql make him pain¬ 
fully aware of man's destruction of the native forest. But the soul 
of the pure botanist-i undisturbed by problems of econcmiica and con- 
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servatiOD, will be stirred most os be enters the forest or **bush" where 
abounds the natiro New Zealand flora, so rich in plants found in no 
other country—that is, the endemic species. (8eo pis. 2 and 3.} 
Besides the grassland, scrub, and bush he will see other plant forma¬ 
tions. The exteDsiTe plantations of trees, all planted in rows of uni¬ 
form age, are very impreasire. The species so grown are all exotics, 
that 19, not native to New Zealand, the principal one being the Monte¬ 
rey pine (Ptniitf rodiofa), a useless tree in its native California, but 
here by far the most economically important tree to be found. Not 
only does it occur in plantations, but it is to be found almost eveiy" 
where as a hedge tree or windbreak (pi. 0, fig. 1) and even as a 
naturally planted weed invading wasteland. 

It is essential in understanding the peculiarities of the flora of New 
Zealand to know its location and climate os contrasted with that of 
more familiar areas. The v^etAtion or the mafor plant formations 
will then be discussed, after which the flora or the elements which 
compose the vegetation will be taken up. Finally some coosiderution 
will be given to the past and present study of botany in the country. 

LOCATION AND CLIMATE 

Now Zealand extends from about the 34th to the 47lh parallel south 
latitude, a distance of about 900 miles. (Fig. 1, and fig. 2, p. 333.) 
It consists essentially of three islands. North, South, and Stewart 
Islands, with a few small nearby islands or islets. There are several 
outlying island groups, politically and biologically part of New 
Zealand, of much interest, but they are not included in this discussion. 
For vivid geographical comparison, suppose the three main islands of 
New Zealand were inverted and superimposed on North America at a 
corresponding latitude, with the North Cape of North Island at Cape 
Lookout about the center of the Atlantic coast of North Carolina. 
Then the South Cape on Stewart Island would lie north of Quebec in 
Canada. The Bast Cape at the end of the Orisborne Peninsula of 
North Island would bo in southern West Virginia, and Mount Egmont 
at Harpers Ferrj', W. Va. Wellington, at the southern end of North 
Island, would be in west-central Pennsylvania, and Christchurch on 
the east side of South Island would be on the shore at the oast end of 
Lake Ontario. Both areas are in temperate zon<^ of the earth's 
surface, but their climates are in striking contrast. Eastern North 
Arnenca has a continental climate with extremes of temperature and 
a moderate, irrcgidar precipitation. New Zealand, however, has a 
strong oceanic climate with far milder temperatures throughout and 
a much smaller difference in lemperaturo between the northern and 
southern ends and between winter and summer. The precipitation is 
fairly evenly diatributed throughout the year, although it varies 
from place to place. New Zealand owes its climate to the unifying 
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1—Cliart of Tflproftn Sea ehowin^ deflection of tLo cold Aotfirctlo drift 
by the warm IvMt Austral iao current ffom the TroplCff, (Fmm W. C. Unviao 
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influence of the worm Tasman Sea on the prevailing westerly winds 
which blow oYor it from Aufitraliai over a thousand tuUea away. In 
its Dceanic climate lies the explanation of many of its Yegotatiofial 
contrasts with other countries. 

The vegetation in northern New Zealand is to more tropical m 
appearance than its geographical ojunterpart in ^ortb Carolina. 
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This “subtropical'^ aspect of iho forests can be seen even in northern 
South Island and grades into the characteristic features of the douse 
temperate rain forests of the west coast of South Island. The south- 
om-beech forests of NGth<}f<iffus in tho south are clearly Temperate 
Zone farosEs+ (See pL fig. 2.) 

The mountains in Now Zealand cause more changes in the climate 
from place to place than docs tho latitude. Tho monntain ranges 
anti plateaus of North Island JJo mostly east of the center* They 
are largely Tolcanic and influence the Tcgctation not only through 
their effect on the winds and moisture but also on the solL The 
volcanic ash and pumice readily absorb more moisture, much of which 
seeps away beyond tho reach of the plants growing on the surface- 
Mount Egmont is a majestic isolated volcanic cone on tho west coast 
with vegetation in characteristic altitudinal zones from sea level to 
tho perpetually siiow-covered summit. 

In South Island tho rugged Southern jUps parallel the west coast 
and thrust their peaks far into the zona of permanent snow. (See 
pL 7^ fig. 1.) Tlinir highest peak is Mount Cook^ its summit 123 h'J 49 
feet above the Tasman seashore less than 24 miles to the west. They 
ore formed by erosion of uplifted land rather than volcanic activity 
and are composed largely of friable greywackc rocki (See pi. 7, fig. 2.) 
Theso rangca drain the prevailing westerly winds of most of their 
moisture. Thus the west coast has a heavy rainfall of around 200 
inches a year, wiiHe on the plains of the eastern leeward side there 
may bo as little as 20 inches. The higheat annual rainfall yet re¬ 
corded is 32S inches at Puysegur Point on the west cooatp and tho 
lowest^ 13 inches^ in Central Otago only 150 miles away. Dense rain 
forests cover the steep western slopes and tha narrow coastal plain 
beloWj, whereas on the east are the natural grasslands and the broad 
cultivated plaina* lu Central Ologo la a semi desert area. The 
transition from heavy rain and dense forest to sunslune and almost 
barren eroding slopes may be made in a surprisingly short time in 
driving over the divide. Other rangoe and hills especially the Kaikom 
Ranges in Marlboro and those in the rugged Bor^s Peninsula, inter¬ 
rupt this picture and diversify the ecological conditions and vegeta¬ 
tion. Thus New Zealand has a great variety of dbtinciivc^plant 
formations in a remarkably smali epace^ a fact which makes bota¬ 
nizing a most interesting and relatively easy occupation. Tho climate 
of New Zealand has been presented by Kidson (16^ 17J^^ 

THE GRASSLANDS 

The grasslands of New Zealand are the foundation of its agricul- 
tural econo my, and one is sure to be impressed by their extent and 
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Tarmlion- They are of two kinds : firat, the original tussock grass¬ 
lands of native "species (pi. 9, fig. 2), and second| iho pastures with a 
sward formed of introduced spedea {pL 9^ fig. 1). The history of 
New Zealand is largely the stoiy of man^a replacement of the native 
hush with postures and the ej^ploitation of tiie native grasdanda in 
fee<iing his flocks of sheep. In the ashes of tho bush he planted grasses 
and began the process of adapting the sward-fonniog techniques, bo 
weli developed in his native Englandp to the conditions of this new and 
promising land. He fought a continual battle with the few native 
plants with weedlike tendencies and the more numerous and generally 
more vigorous esotiesp which he intentionally or unbitcntionaUy 
brought from the far parts of the earth. From early blundcrmgB he 
has now developed the technique of sward grewlng to a very advanced 
degree, aud agricultural progress or dotorioration in large parts of 
North Island and certain regions of South Island depends on the com¬ 
position and condition of thh pasture sward. Much land formerly 
covered mth fern, scrub, or hlackberry ia now grass-covered, with a 
high 8hecp*K:ariying capacity. It was a nto$t enlightening experience 
to see the work of the Animal Eesearch Station at Kuakura near 
Hamilton in Auckland Province, in breeding and mbting strains of 
grasses, on which^ with proper rota lion, an amazing number of sheep 
con graze throughout the year without additional feed. The various 
types of these artificial grasslands of North lalaad have been carefully 
mapped and analyzed in a publication by Madden (19). Somothitig 
of the hiatojy' and significance of these grasslands can be gleaned frem 
the account w'ritten by an Englishjagronomist, Stapledon, who visited 
Australia and New ZculauJ in 1926 (25). Tho planted pastures of 
South Island, developed by essentially the same means, are well 
described in Ililgendorf^s ecological survey of the grasslands {lS)f 
which Buppletticnta MAddf'n's. 

The natural grasslands are very dUTerent from the man-made 
pastures. They occur moat extensively in South Islaud, but smallei' 
areas axe to be found in North Island, especially m the central plateau. 
A relatively low ramfali with a cooler and more even temperature are 
among the principal factors governing the development of grasslands 
rather than ahrublands or "bush." The plant composition of this 
formation varies considerably accord mg to local conditions. Pas- 
toraliats generally recogniKO five tussock grasses. Two of them, guow 
grass iDartihonia raovlii vor. Jfawscens) “ and red tussock {D. raoiiln 
var. are the toll tussocks, 3 to 6 feet high, while the short 

tussocks, 1 to 2 feet high, are the silver tussock {Pwt cae^pUosa) and 
tlio hard or fescue tussock (Fisiifca nosoi-seatand^}. Tho blue 
tussock {Poa coliTtsoi} is only 6 to 0 inches high. 


Tia iDikei ramrftJi Sd inSttanas ™!!ki iUUcUll. o“*r ^ 
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Tha history of tiio tussock lands is an dmc^t continuous story of 
progreaaira deterioration due to oYeT]grazjjigj burning^ rabbit infesta-^ 
tion^ and incraasad v^rind erosionp^ land elip^ eoil creepi and water 
arosionn The present deserts in northern Canterbury, Marlboro^ 
and CenlraJ Otago Provinces were grasslands when white aetUament 
b^aiif and the carrying capacity of most sheep runs is today far less 
than it waa in the bcginiung. Everywhere one can see erosion that 
is of recent origin. A most dehnite sign of overgrazing in Soutti 
Island is the excessive development of the scab weed, Bao^dia luU&cens^ 
(See pi. 8^ fig. 2.) Usually the rabbit population increases as tlie 
tussocks diminish and more open spaces are formed. This only 
accelerates the destructive process. It is important to keep in mind 
that the tussock grasses themaelves are rarely graced, except the now 
growth which springs up after tliey are burned over, which is tradi¬ 
tionally done annually. The role of the tussocks Is to furnish pro¬ 
tection to the smaller grasses and other plants which grow among 
them and furnish most of the feed. 

The tussock grasslands of South Island have been dealt with rather 
fully by 2otov (2S) and recommendations presented for restoring these 
areas to production. First, annual burning must be eliminated or, if 
absolutely necessary to diminato shrubby mvaders, replaced with 
carefully controlled burning. The number of grazing animals must 
be reduced to the carrying capacity of the land and rotational grazing 
introduced in order to restore the fertility. When necessary, the tus¬ 
sock grass must bejrepianted with sclecled unpalatable strains or jor- 
danonSt and* when^a protective covering is thus established^ highly 
palatable strains of native species must ho sowti between the tussocks. 
Hardly any of iheso measures arc now used by the sheepmen. It was 
most gratifying to have a glimpse of the Government's research work in 
tussock-grass restoration at its field station in Hutt Valley near 
WeULugton. The work done there is preliminaty to research and 
exporimeutation in the tussock countty itself and will surely some 
day result in restoration of much depleted laud. Probably some 
areas have gone almost beyond reelamatiou and will remain, as have 
so many other parts of the world, monuments to man*s lack of fore¬ 
sight and self-coutrol in seizmg all the produce of the land rather than 
juAt its surplus. 

SHRUBLAKB AND FERNtAND 

No traveler in New Zealand can fail to be impressed, and at the 
same time generally depressed, by tlm va^t extent of land covered by 
shrubs and ferns. Unlike the grasslands, they bring uo sense of well¬ 
being to man, and, compared with the forest, they at firat seem 
botanically unattractive. But neither impressiou b wholly correct. 
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Shrubland is any pkat community in wbicii tall trete are wonting 
and shrubs dominate. The fern, which comprises tho fenilandi is the 
native variant of the world-wide brackea, Pt^ndium var. 

or P. of many authors^ Fcrrdand is hero 

linked with shrubland because the fern reaches shrub size and the 
fortuation is as dense and impenetrable aa the dcnecst thicket of 
woody shrubs. Funhermorej this fern cemmunity is closely related 
ecologically to the other most extensive shrub community^ that 
dominated by manuka" (Zr«j>tosp«rmi£ni acopanuiTi or tric&iik $— 
Myrtaceae) (pL 5, fig. 2)* Together these two cover more area than 
do the other shrub formations^ of which there are many in very 
diflerent habitats and of diverse compoaitioQjp form, and ori^n. As 
in other lands, these shrub formations develop in response to cor lain 
natural conditions. These conditions may develop over a long 
period of time. When endden chaugoa occur favorable to tho growth 
of a shrub community the formation is called an induced formation* 
Shrub formstioiis foUow certain volcanic eruptions and sometimes 
floods or places of escessivo erosion. But more significantly they are 
maii'-mducedp coming along after the forest has been destroyed with 
ax and fire, and grass has been sown on the ashesp or where man's fires 
and his overabundant greedy sheep have destroyed the natural 
grass cover. (See pi. 4, fig. 1.) 

The manuka (Lepto^permum smparium —^Myrtaccae) is a aJirub or 
small tree with an iiniazing adaptability and persistence. It usually 
forma a community "wiLhout the bracken or it may be variously mixed 
with tbU feiTL It scem$ able to grow anywhere^ wet or dry, in good 
soil or bad, and in heat or reasonable cold, but not in alpine con- 
ditiou!^ or deep forest shade. Ita outstajiding ability to thrive on 
poor soil makea it rush in where man has done his best lo destroy the 
land. It is especially pronaiixent on the gumlands of North Auckland, 
dug over and the fertility dissipated in the search for fossil kauri gum, 
desired as au Ingredient hx high-grade varnish, ^fanuka is extremely 
plastic in its response to its environment* I\itii:in this commmuty 
there are some SI other species of planta, many of them of groat 
interest to the botanist, not fcbe loaat being the bulbous-rooted New 
Zealand orchids. Manuka is an importajit source of fuel for man. 


* Tfl Uw la* N«f 2«U4id ^naXln Miwl wat3 kr timua gU«r plmti b 

tOttiFiFbit dfawnwUoi- VtJT U»fn b m oEhn uaJm ,« fcr Murojib, mutulK fw 
ko'JhHhih ar ksori Thm ha™ JiftTt b™ nmd* Into tbu ifKct&g Itfeotlflei 

n Urtirt In isrmi* tad lai^ to S. f^w*. AoalW MinnwEi pr«U«i NflW 

ZfajCaiUkn b to oM to apw^l b jpedOft BctoflCAf BMBt IsK * wmrooQ m nustvmpb^ ftr Cntrtm$ 

towiofibiiB tor CuprmMM lad tor ^ 

AflotiSft dbcwWHtEfli prartlff b tbs nK Oi Ioem DatoHUa Inpdbh wx* rods tf pdnur tor 
B hBrnrrt^umm^ NiUte pi™ to 2«lairf 

ThoM Uw tnTuktf l| to i wv pocKadBUrbl linKjrpilMffc For popoiir tmCo** D( SrwXwlBJsa 
DLuOa iv Aniientft fS) tzid Cbmomin 
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and in ita shade grow seedlings of many forest which OTCnttially 
rise up and wipe out this ^‘aurse” species by OTcr^adin^ it. So the 
manuka shrubland fills a varied and not altogether harmful place in 
New Zealand*s plant economy. 

One cannot feel quite so resigned to the femlandj though one 
quickly does resign from the ]ob of tlying to penetrate it* Its adapta¬ 
bility and prolLGcness closely matches the manuka, but within its 
dense growth there are few if any other plants. Like the manuka, it 
cannot endure much shade or cold, and so is not a denken of the 
forest and alpine or suhalpine slopes, Man may bum its tangled 
fronds, but new ones rise quickly from the unharmed underground 
stems. However^ overstocking mih cattle which eat the tender 
young fronds catches the bracken in its tendon of AchilleSp" and if 
the practice is persisted in, this scourge can eventually be conquered. 

A third shrubland community of much prominence is not o^y the 
result of man-made conditionSt but of man's introduction of plants- 
The English gorse, VUx^ was first brought, no doubt, to 

relieve man's nostalgic longing for the lovely English countryside and 
to lend color to the generally colorless New Zcalojid vegetation. But 
this was an imprudent act. From the hedgerows it spread easily to 
adjacent fields, dry, gravelly river beds, formerly forested hilbides, and 
pastures. It k quite indifferent to the quality of the soil- Laige open 
spaces soon became impenetrable thickets. Man cons Ian tly bums it 
offp but fire seems only to improve the viability of its seeds and to 
impoverish tho soil, which barms the accompanying fodder plants 
more than it docs the gorse. Control over large areas by grubbing it 
out of the ground is hopeless in this land of limited labor and largo 
demands on human resources. Handcuffed with this gorgeous yellow 
culprit arc the broom {Oifslisus ^copariua —^Leguminosae), the rose, and 
the blackberry, and sevoral adventivo shrubs from adjacent Australia, 
especially hakca (Hukea ^aciculuris —Proteaceae), One American 
shrub of this category h the tree-lupine of California, Lupines arhorew, 
brought as a sand binder and now spreading beyond its first planting 
to other sandy and gravelly spots, not always according to man^s 
wUhes. 

The term “scrub'' is often applied to any shrub formation. In 
Australia it is erroneously applied to certain forest formations, but 
Cockayne (7) applies the term in a more restrictive sense to any 
community of divaricaticig, stiff, shaggy, and often spiny shrubs. 
Such shrubs havo numerous extremely iviry or rigid, much interlaced 
branches and twigs which zigsag at a wide angle in every direction. 
The ddckeU they form arc close, unyielding, and often cushionliko 
mosses. To push ones way through this gcrub h impossihlo and to 
travel over It is often a hazardous undertaking. The scrub is usually 
auhalpina and is composed of various species of Copro^ma (Subiaceae), 
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Cossinia and trce-dnisj {Olearia —Compoaltae), wUd Imbman 
caria lUiatimaceae—pi- 6, fig. 1), and Myriua (Myrtaceac), 

though altogether there are about 55 species In IS fanulies which have 
this divaricatjug habit. 

The plant collector who mates pressed specimens almost meets hia 
Waterloo when he tries to make a herbarium specimen to represent 
adequately such a plant. Some diTaricatiug shrubs further thwart 
the collector by dropping their leaves, flowers, and fruits almost at 
the first gentle touch. The divaricating branches of pohuehue 
[M’aehlenbticlcia astoni —Polygonaceae) are pliant enough, but when a 
repreaentativc specimen has been warped into a plant press there is 
rarely a leaf or fruit left in situ, aud a vivid supplementary description 
is needed to bring to the observer's mind any adequate concept of the 
original habit of the plant. 

One will find various shrub formationa in a wide range of habitats. 
Besides tho extensive hillside formations of manuka and fern, and the 
Bubalpine sciuh, this typo of vegetation is often found on sea coosta 
(both rocky and sandy), wet lands, mineral lands, areas of volcanic 
ash and pumice, and wind-swept shores and montitain slopes. Ita 
component species, growth forms, ond adaptations to environmental 
conditions are of much interest. In some places nsaociations of trees, 
dwarfed to shrub siae by wind, salt spray, or soil iuDnonces, resemble 
and merge into shrub formations, 

FORESTS 

The principal natural resource in Now Zealand when the pof-eiAa. or 
white man first came was its trees; at the present time it is its grass. 
But tlic white man could live only secondarily on the forest, so the 
trees had to go in order that ha might provide for his primary need- 
food. Hence, this natural resource, which formerly covered almost 
the whole of North Island and much of South Island, was sacrificed 
at a rate hardly equaled ouywhero else in the world. It took Europe 
four cenlurieg to exploit its forests and America two centuries, but 
New Zealand accomplished this in one century. Although the eiten- 
aive natural foreste of the past are gone, the remaining fragments ore 
aufficient to tell us a great deal about New Zealand’s botanical hia^iy. 
According to Cockayne (7), 3S5 species of plants are characteristic of 
tho forests. Of these, 99 are trees, 63 shrubs, 51 herbs, 26 grasslike 
plants, 8S fema, 2fi dimbmg plants, IS epiphytes, and 13 parasites. 
Ninety percent are endemics. So it is in the Now Zealand forest that 
a visiting botanist will find his greatest delight in becoming acquainted 
with the true New Zealand flora. If he arrives in North Island, as in 
moat likely (and much regretted by tho people of South Island) hia 
first acquaintance will almost surely be with the rain forest, which is 
composed of many species of trees and shrubs of many genera and 
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families, {See pi. 3, 1.) Later he wUl meet the strikingly dif¬ 

ferent Bouthem-beech foreatj composed almost entirely of one or two 
species of Noihofa^ and few shrubs. (See pL fig. 2,) There, if he 
is from the Temperate Zone of North America or Europe, the trayeler 
will feel much more at hame, although all the plants will be new to hint. 

The rain forest in New Zealand is clearly tropical in ita origin and 
afllnities; indeed^ it is often designated as subtropical rain fores t, 
although it li^ entirely in the Temperate Zone^ Its character is the 
result of the oceanic diniate with its mildf rather umform temperatures^ 
and its abundantp evenly distributed rainfall^ which assurer a high 
atmospheric humidity throughout the year. The southern-beech 
forest of Nothqfagus, howeveTj is dearly tempera to in origin, with ita 
nearest affinity the Nolhoja^ forests In Patagonia, Tieira del Fu^O;^ 
and southern Chile, on one side, and in Tasmania and adjacent 
Australiap on the other* * This forest oocura m New Zealand in cooler 
and less humid regions than most of the rain forests. It depends 
more on ground water and thrives in a less humid atmosphere. All 
the forests in New Zealand arc evergreen. There arc a few dedduoua 
trees but neno of them arc forest dominants, so there are no deciduous 
forests in New Zealand. 

The rain forest U complex, the beech forest relatively simple-. These 
two forests may he contrasted in part, as follows:; 

fortsi Souihem-bMch ferai 

Tropical in appeomnee. Twpemte in appearance. 

Compofied pf many tree speciea. in many Composed of one or two tree apeeieB Ut 
genera. one geaua. 

Den$e withio. Open within. 

With Dererfli phmt strata.^ With oaiy an open layer of abrubs 

tween Canopy and ground. 

Bases of trunkj often with pknk but^ Trtmka -without buttroflaee* 

iKSSOA. 

With ifiAiiy vine* or lianas. With very few' tIhoBh 

Leadod with epiphytes. With only a few parasitea, 

Witb moxiy femB. With few femi. 


Each foneat formatjon has Tarious forest associations 'cirithin it, these 
being quite complex in the rain forests and relatively simple in the 
Bouthem-beech forest. The forest associations are named according 
to the dominant species Tvithin them, the principal oBaoclations In the 
rain forests being: (l) kauri (idf^atAw Pinaccae), (3) mixed 

dicotylou5“taxad," and (3) “white pine" or kahikatea {Podocarpits 
dacrydioidis}. 


4 h pll&il up« hnfl.'*~H[3JiilwbU. 

* QKkn™-* i™ mt thJ, tatat UKdillaD wb. Il k «EM > n|»d tii*J bmt I® «M Jteartmi- 
fcmttm. Sj»eyjofN«i,a«liuul“p|Bc^"Priaopp,,„H kthUbi,. manlw o(Hmtiw tairtr 
in domtniint nf ctuTMkfkU*, Tlw lu* «»tnmr tr™ sf T».fata hmllta, dlaHTledo™, 
«h» nd> bT. twa t^Tl^ & W*t™ *lli ll» »Biii» wtifA h»«MTm Ui« W™ 
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Plate 4 



t. Epoe of Waipoua State Forest* north aucklaiUd. north Jsl_a.hd 

The ffiFEiawlr p^Uwlid ovlt tin nuw cut-^nvitf bm^fc^Ei, 

ITuM, Md ncilJc iliAlb nivfjTCKl BlifteiHtnutLnjs hml (Jtjt), ( PbotorKniph by E. JJ. I^'■lkc^.> 



T. COA^AL dvsqxylum spectabile Forest. srePHENs isuird Cook strait 
fl'fiotBpmpli bjr L. Coek,^ totulwy N*r York Bom<^ Quit^ "* ™d*K"i- 
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PLATE S 



U TftEE FEHN^ SHORE OF LAKE f^OTO-ITI. NORTH ISLAND 
ttwfws of BMuy Iriruii ir# decLlHciA uf tlw fprt*Ei cut'flvef luidi^ nnA ofUnn of Itw 



2 . ManUIKA {LEPTOaFEHMUM SCOPAHUJM). EAST COAST SOUTH ISLAND 


Thifl Alrt)4i4iLtil ikWci&ElVi_ 

nliiiait Im pcav>|fi|i4f 


cUitbijH «ii»t OT«1 iMBdi from PM wait BJid wmmt* to siv^IpJ® flidw wJlIi wa 
■kflL tl'hD^ofnph by C^CtajiM. «™r(«y ^.rw Ywk S^iklIci] fJirdna.) 
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PlrATE 6 



I, WIUS IRISHMAN tP<SCARIA TOUMATOUj, A DlVAHtCATINS SHRUB, ORT EAST 
COA$T OF SOUTH ISLAHO 

Tlitf FFkwth hnMt ii frruwl In mtny Xnr ^.cahiDd j(hfiil». ^ alsru plaits 1. HpnJri^ 

(l'ncit(j@^|>h bjr L. C-uclLpiftw. Xh-w Ynri fM Bnli^Hl GarOva ) 



2. CQl_LKCTlNt= QohATIA HOVAE^Z^lAnQ]AE IN AN AUPINE 6oo MaUNGATuA 
Range, otaco provihcEk south island 

Thb 4kAU riAL ii w w4<d INi± roolfrimjs humify iIh;fw. CHhcr invka of thb Jirotia ttcmif bbIt Ih 
lumutia iDd »nulh#7ia B«alti AiutrJim, tl^i>i 0 |^|k}| K. U, ^VilJi^r.: 
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Plate: 7 



1. HOOKER VALUEV SELOW THE HERWliTASE. EaST SIDE OF SOUTHERN ALPS, 

canterburv pRovjNce. South isl>kd 

wild JfUllFTifta ihrtlllft 9 ImI atluvifcl Um w™!tirnJd nek . (ri?CHQf»iBl Py u+ 

Molt, u. S. Soil OiflArJvali™ fkrykw-} 





^ with the fox glacier. Westland province, 

MOUNTS COOK ANP TA 5 MAN 

itn c»nsilji, rtHw M»lw'*>1« “Jl'S'thrrtetEr*: 

imLi wttli d«p PinHF, Wtruw D^J* ™ tlpderi. ftwqtnii,'** wi 

D^k#.> 








Pl-ATE 8 



1. ^HOSION AND fcra CAU^E NEAFl WAIKO E>0WNS. SOiJtH OF TIM APU. CANTERiSUHT 

pftoviNce. south island 

W hm ihtAn oventraJfl' the (?nLrt Hurt t^| the turf, CTWJioB pet^lrt. Fwiclntf oOt the 

v«c»CAi]ciin lb wp crusJdci, [PluitiUrpiaiiilt bjr iS. O. £lr:ilt> If, Of, ti*Al CoaaerrBitjDci ^v]»r) 
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1. PASTUne UiMOr HEfieTAUNOA Fl^lN NawKE^ HAlT. INOfITH 

K^th putuj¥i ni Latfg^lueeil t^uats uti' HtAHUal hj liAijitaf aiid «Le^hfAb iif luibl^ftl^ 

Anil McinCftfTT ti4n«nf CTpr^r Turaipt orfwtdn ho lor wmlvr l<i^. CPbolofmph by K. 

Hull. U. id. HqU CiHUiefVHUjiii ^vImO 



Z . Breast Hili- statiqh iti the Low Tussock land of CANT^nauffY Province, 

South ssland 

Sbnp iEAllAni rnuiBb®) att hi' 

fjmitd And Itii-iinjiiit, ' PlaD'tfitrr*l?li hj? L. HulL U- S. So4i LiiUMmUoft 
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Plate 10 



1, VEGETA^lSShEEP (iRAOMLi A MlAlVTM!lLLAPtlA> AT 4.700 FeET Oh|! MOU^T TORLESC. 
CANTERBiJRV PHOVIMCE. SOUTH lEl^HD 

TtK- "|rin:i[i4i>9" \>n I \v umr ml tin fkhvnen. Thli wewd ]:k4iu3t li cbAncili'rbFtJfl nneiL shLni^k s.]a|HU Ja 
iIh iJtf invH. [FiiiHi^pniUb hj (+. CwtcnyM. cH»UFt»T Nvw Ytjfk DviAnical flMik'UJ 



2. Bull 


iOUftvSLLSA ANTARCTICA} ON ROCKS AT tgOW TIDE. 
FOVEAUX 5THAIT 


Dog ISLAHD^i 


Thii OftL-hbfciSrd 1ntt>rrr kelfp gnvw» un ivAYc-bulnAl Htfky ihPiwL ilTjtttnffniDfct tiy t- 

CCidLttjrfiB.i^jLaieay Nrw ViVt IkrfUliral 
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The kaurj forest La tho b^t known of the rain-forest assoeialions^ 
this being due t-o the noble tts wpI] as the highlj commercial attributes 
of ite prominent component, the kauri tree itself." (See pi. 2^ fig» 1.) 
Originally almoal all of North Island north of die 3Sth parallel which 
crosses the bland about the base of the Bay of Plenty^ wae a vast 
kauri forest. The title of a recent booklet, ''The Waipoua Forest: 
the Last Virgin Kauri Forest of New Zealmid^^ (21), shows its present 
state. The Waipoua State Forest or the Waipoua Forest Reservo in 
North Auckland contaim about 40,000 acres, of which about 27p000 
acrea is actually forested. Perhaps the Trounson Kauri Park with 
only about 975 acres is too small to consider, but nevertheless it con¬ 
tains a primeval kauri stand of limited extent, donated by its lumber¬ 
man namesake to the State for a preserve* Becanse of its small size 
and the natural degeneration from its exposed maigin, its longevity 
as a primeval forest may be Uniited. The kauri forest formation la 
composed of many other tree spocics besides Ag^is os well 

05 characteristic shrulis and ferns, including hugo tree ferns, and a few 
herbaceous plants. Among Iho many climbers is the kic-kie or cbmlh 
ing pandanus (Frcgcineiia bankiii^ (pi. 2, fig. 2)^ the only New Zealand 
member of this tropical family, Pandanaceae. This forest voriea 
according to the presence or absence of the actually dominant treea, 
especially of BciUckfncidi^ Uiraire in the northern and j 9. iam in the 
southern part of its range. Various studies have been made of this 
forest from difforont pomts of view, but probably Cockayno^s (5) and 
McGregor's (31) are of greatest interest to the botanist. 
Impermanence seems to be woven into the fabric as well as the 
liistory of the kauri forest. Cockayne (6) bae stated that the kauri 
b always in a state of progression or retrogression. Seedling kauris 
cannot normally reach maturity vritlun the kauri forest itself, but 
must grow up where there is more light, for this forest is predomi- 
nautly dark, gloomy, dense, and almost impenetrable. Seedlings 
grow well, how'over, in the shade of the manuka or in accidental 
clearings and along roadsides cut through the forest. By some it is 
thought that tlic kauri forest will in time cease to exist unless man 
takes a hand to perpetuate it. But the Maori people first came only 
SOO years ago and the white man less than 150, and thero were kauri 
forests many centuries earUef* There is in New^ Zealand now a lively 
controversy over the preservation of the W^aipouft State Forest. 
Shall it remain 05 it now stands, or be reduced in size? Shall it be 
left wholly untouched, or is it to bo altered within by forest manage¬ 
ment? Shall it furnish timber to commercial exploiters or forest 
managers, or be a recreation ground and memorial of tho past to the 

• Actminr tbt kwiri M uat JohUmh*- U U alntf# «■ to tlEBtera. Kwl bfwU art K ii*mwl 
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public, or an untouched natural research laboratory to the scientist? 
Able protagoaiflts hare wiseu to fight for its proflorvation from com¬ 
mercial e?cploitatioD (21). 

The many complexities and variations tii the mixed dicotylous- 
taxod forest can only be suggested here. Such a forest may be a rimu 
forest tinth the “red pine" {Dnerydiam cuprfssfntw/i) dominant, a 
totara forest with Podocarpus totara dominant, or a tawa forest with 
the principal trees Beihchmeidia taraire or B. tavxt of the dicotyledon¬ 
ous family ijauraceae, though usually 'vith Podoenrpus or Dacrydiurn 
also present. These forest types intcigt^de and vary extensively, so 
it is often difficult to determine just ;vhat kind of tropical forest one 
finds bitnaelf in. 

The parallels of 38* and 42* south latitude are significant as the 
aouthem limita of quite a number of species and the northern hmits 
of others. Aa noted above, the kauri ceases at about 38“ south. 
Some of the 100 or so others which drop out at this point are the torn 
(Peratwiw #<jr«—Proteaceae), the white-flowered t&wari (Ixerba Arcti- 
oides —Saxifragaceae), the climbing fern (Lygoditim afficvlaium)^ and 
the trailing fuchsia (Fvehsia promimSentf-^nagracaae), Tlie 42d 
parallel, where many other species drop out, cuts off the northern end 
of South Island. The fact that this unnatural boundary does not co¬ 
incide with Cook Strait between Korth and South Islatuls suggests 
the geolt^ically recent separation of the islands. 

In addition, certain plant forms drop out at various points. For 
c.xample, tho numerous cpiphytea of the mixed rain forests of the west 
coast of the South Islaad are conspicuously lackii^ in the rain forests 
of Banka Ponineula, the vicinity of Dunedin in Otago, Southland, and 
Stewart Idend. Tlie composition of these mixed rain forests changes 
also with variations in tho atmospheric humidity, the soil moisture 
and composition, the altitude, and perhaps the geological and biological 
history. The dlcotyloua-taxad association of the better-drained land 
gives way to a much more pure association of “white pine,” kohikatca 
{Podoearjnis daerydioides) in poorly drained or swampy lands, os 
formerly existed in some prominence in Cantorbuiy on the dry side 
of South Island. Here the deleterious effect of the drier air, inimical 
to tho best growth of most rain-forest treea, was compensated for by 
the greater and more steadily available ground water. The swamp¬ 
land forests of Stewart Island are dominated by another tree, ZJacry- 
dium ifitermedfo. Altitude, or the changed environmental factors 
that go along with changes in altitude, aUo cause changes in this 
mixed association. As it rises higher on the mountmns it is gradually 
replaced by southom-beech forests. On Mount Egmont, however, 
they give way to another altitudinal forest association composed of 
kamahl f^Wdimannia nowmosa—Cunoniaccaa) and the New Zealand 


NEW ZEALAND—EGBERT H, WALKER 


329 


ceJar (Lib&c^drm Pinaceae)* These numeraua changes are 

dealt with by CockAjme (7) and in many special accounts and reports 
of the vegetation of certam localities. 

The southern-beech forest extends intermittently* essentially from 
the central plateau of North Island to Southland in South Island (pLl# 
fig* 1)* but is lacking in a stretch of Westland and does not occur on 
Stewart Island. In former tijnes it xvaa often called bhchp but this 
erroneous designation is seldom used today * These forests are usually 
composed of just one Bpecies of jVe/Ao/eyttSj or at most two. The epe- 
ciea change rather strikingly with changes in altitude. The forester 
is not content with the ta^tonomist^s five species of this genus* but is 
able to retognisie in this complex a great many more entities or varia- 
fiotLSp most of them more or less significant to him in dealing with this 
economically important forest association. It is now the most im¬ 
portant native limber treCf ainco the kauri is practically gone as a source 
of commercial timl?er. Hence* the foresters are working out ways of 
conserving, extending* using the beech forests of South Island. 
Soil conservationists are interested in forests, for these 

can prevent erosion on mountain slopes* if man would only let them 
alone or aid Nature to restore them. But man's as and fire have laid 
waste large tracts of mountain alopes. And now another danger 
threatens tha beech forests. The deer which man introduced for 
sport* or their progenyp are buay browsing and trampling the young 
beech seedling so that in places the undergrowth of young seedlitigs 
has disappeared. The solution for tJic regeneration of tliese forests 
seems to be the extermination of the deer, or at least the keeping of 
the population under control at a much lower level than it is today. 
Indeed* the problems of future foregLs involve many factora in this 
fascinating country, 

THE FLOEAj OK THE PLANT SPECIES COMPRISING THE 
\’^EGETATI0N 

Many species of New Zealand plants are possibly unamporlant in 
considering the structure, origin j and distribution of the vegetation or 
plant associations. They are* however* extremely impo-rtant in rela¬ 
tion to the flora as a whole and the understanding of its origins* 
affinities* and distribution. There are too many intercstiug sp^i® to 
deal with them at ell thoroughly here, but some aspects of the flora 
can be reviewed. The marine and fresh^water algae (pL 10* fig- 2)* 
and the other lower cryptogams must be omitted* but mih. full racogj 
nition of their great interest and importance. Although !s cw Zealand 
is famous os a pteridologlaL's paradhsej the fems* too* must be largely 

ignored, (See pi. fig ^ ^ ^ * j—j 

One^s impubo in looking at the New Zealand flora is to divi e 

it into two categories* the native plants and those introduced by man. 
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Each eocms a Geparate unit and the risitor limited time tends to 
pass over the introductions. Thera are, however, so many interesting 
and important hotanical ieatures in both Some that neither should 
bo omitted. 

THE NATIVE VLOflA 

The mdigenouB flora of New ZeoJaud is among the most distinctive 
of the world's floras. It b not especially rich in number of species, 
Cheeseman’s Manual (4) listing only 1,763 species, but it contains a 
wealth of fascinating members, mostly belonging to genera and families 
unfamiliar to the traveler from northern lands. About 73 percent of 
the indigenous species of ferns and seed plants are ondemics, that is, 
are not found anywhere else in the world. This becomes S3 percent 
if the ferns and monoeotyledonous plants are excluded, and even 
higher if only the forest species are considered. Forty genera ore 
found only in New Zealand. Among the more conspicuous or signifl- 
cant arc the lacewood (HoAsna—Maivaoeae), one of the few natives 
which has conspicuous and ornamental flowers and is deciduous, and 
two composite genera, Haaditi and ffacufui, which form the'*vegetable 
sheep" (pi. 3, flg. 2, and pi. 10, flg, 1), for wliich Now Zealand is noted. 
The reasons for the occurrence of these species and genera only in 
Now Zealand are mostly obscure, and leave much yet to learn. They 
may have evolved here or they may have had a widespread distribu¬ 
tion and have died out elsewhere. It cannot readily bo determined 
that these represent a flora which developed in New Zealand, rather 
than one that come from some other part of tho world in remote 
geological times, but the evidence is that such flora did evolve here. 
It is called tha paXaeoadandic Horn and certain genera are tentatively 
assumed to belong to it. They includo the three strictly endemic 
genera just mentioned, besides others now found elsewhere but which 
probably originated here. Among them are tho distinctive New 
Zealand pine {DaenjdiuDi) in the Taxaccoo, the New Zealand broom 
(Carmichaetia —Leguminosac), the widespread shrub CoprosTna (Rubi* 
accoe) of distinctive divaricating habit and many species, and the 
woody genus IJebe (Scrophulariacoae), which is often combined with 
tho widespread genus Veronico with mostly herbaceous species. 

The majority of the nouendemic apccica and genera are found also in 
Australia. One might suppose this indicated a relation between the 
floras of the two regions, hut too much emphaeb should not be given 
to this numerical superiority of tho Australian element. It is just as 
important in considering thb rebtionship that certain prominent 
Australian groups do not occur in New Zealand. Thus in these 
islands there are no native eucalypis (Eucatijptus —Myrtaoeae), bottle- 
brushy (OaiiwtenuJst^Myrtaccne), MeltUfUca (Myrtaceae), wattles 
(Acacia —Leguminosao), and other signifleant genera, especially 
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Icgttmcs, and otily two genera, Penwmia and Knightia, of the con- 
spicuouaJy AuatmUan family Froteaceae, Few of the Australian els' 
menu are familiar to travelers from the North Tcinperate Zone. One 
that a visitor to the Now Zealand forest will soon meeti however, is the 
supplejack seandena—^Liiiaceao)j a conspicuous vine 

which hangs from the tops of the trees» Another Is the genus Celtaisia 
(Compositae), whoso many New Zealand species are among the chief 
omamontais in the montano and alpine vegetation (pL 3, Gg. 2), 

Besides the Australian element there are indigenous species and 
genera, found also in the Malay Archipelago and the Pacific region, 
but they are fewer than the Australian ones. The kauri is of this 
group, for certain other species of Agathis grow in Australia, New 
Caledonia, Fiji, and elsewlicro. The climbing pandanus (Freycinetia) 
(pL 2, fig. 2} and the only New Zealand palm (Rhopaiostylis) (pi. 3, 
fig. 1) belong to definitely Malayan-Pacific groups. 

The third group of indigenous but nob cDdemic elements is the sub- 
antarctic, most conspicuously represented by the southem-beecb 
(Notho/agns), already mentioned. There are a good many genera and 
some species in this group with distribution around the southern 
Pocific, some with eatensiona into more northern regions. They are 
of much interest to plant geographers in understanding the past geo¬ 
logical history of this whole southern region. 

Finally, there are Now Zealand plants with a world-wide distribution 
constituting the cosmopolitan element. An e^campk is the widespread 
bracken, Pteridium agmUnum, the New' Zealand variety of which, var. 
eecvlentum, gro^i^a to such great size, ns already noted. Most of these 
cosmopolitan species ore seashore or littoral plants. 

These floristic elements and their origin have been discussed by 
various authors, including Wallace (27) and Cockayne (7). The sub- 
antarctic fiora has been most thoroughly dealt with by Hooker in his 
introduction to the Flora Antarctica (14) and by Skottsberg (24). 

BOTANICAL DISTRlCrrS 

More significant to the traveler than the origin of the indigenous 
elements of the flora, is the distribution of the species ’within the islands. 
This has already been mentioned in connection with the various plant 
foimations and their oocurrenco, hut consideration of the species 
rather than the formations brings out more clearly the botanical 
divisions of New Zealand. Through a lifetime of study of the vegeta¬ 
tion and plants of this aren, Cockayne (7) has divided the country, 
exclusive of the outlying islands, into 16 more or less distinct botamcal 
districts. There is, of course, some disagreement with these ^visions 
and other w'orkeirs will alter them w'hon new studios and interpre¬ 
tations ore made, as Cockayno himself predicted. The distiiots are 
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sho^vn on the accompanjiiig map^ figure 2/ The following char- 
acti^Hzations are largely derived from Cockayne^s publications and 
the writer's personal observations, Only a few of the many outstand^^ 
ing species are here mentioned. 

Northwest of North Cape he* the seldom-visited Three Kings Dis¬ 
trict composed of a small group of islands with this name. Their 
flora indudes 10 speoiesa of plants not found elsewhere in Now Zea¬ 
land t 6 of which are obviously related to New Zealand specieSt 3 have 
relatives only toward the norths and 1 p a species of CMoris {Gramin- 
eae)t b of almost cosmopolitan affinity^ although not found elsewhere 
in New Zoalatul. The impoverishment of this flora by introduced 
glaring animals, especially goats, and its recoveir after these were 
removed is an interesting study with significant imphcalions for other 
likewise devastated areas. These Islands have recently been treated 
botanically by Oliver (23) and Bay ha (3)* 

In the North and South Auckland^Dlstrlcts there aro more than lOQ 
species of plants w^hich do not occur farther south, or extetid only a 
short distance beyond the sou thorn limit at appreximately the 3fith 
parallel. The kauri tree has already been mentioned iu this connec¬ 
tion. The taraire (Beilschmeidiii ^uratre), usually the dominant tree 
in the kauri forest, does not go farther south as does the other impor¬ 
tant kauri associate, the taw'a (B, Several ferns arc found 

only herep as well as the parasite pani^i^Ua (Lauraccae), 

which resemblesp but k no rolative of, tho dodder (Cks™te) of wide 
dLstribution. This parasite genus occurs in the Pacific area, Australia, 
and the gumlands of northern Nortli Aucklajid. it ia a hazard to 
walking wherever it grow^ as it bmda together the manuka and other 
shrubs by dull green resistant cords. An Interesting phenomenon is 
the occurrence on the small islands adjacent to these districts of 
species or varietic* similar to those on the main island^ but with larger 
leaves, fiowera, or fruIUp among other i:llflcriiig chanictci*. These 
islands are difficult to reach, but one can often find these distiuet 
plants growing in private gsrdensp nurseries, and parks where cnthiisi^ 
ftstic New Zealand botanists grow them. Several species have their 
northern limit In the South Auckland district, one being the silver 
beech {Nothqfag^uv Although there are no natural grass¬ 

lands in this area, there ore estensive man-made pastures with certain 
distinct plant species, mostly grasses. The mUd cUmatc makes it 
possible to grow' certain citrus fruits and other subtropical crops with 
eucces*. 

* AO^r tbu niAp CwskuTMiod Allan ^powd im ■ddllEofal StrtlDd^NvlHD 

BoUakd DOtrtet, Qumpc'Uikt SwCti Ujyid portinii fil ilho RiuMurCdi^ PlitTkig. vhidi 
■mdiU &3 Uu C40le HtrtO, W*» nee^niiod In Coekiifiac'H laat/tf Tfnrk fOp wiitflh l» foUflwed 

In Ibli lunne)^, bat wblch dMt ml bun m- oup iEilt4bl± Idr npcwfuctkiii tatft. 
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The first DEtural or tussock gtEsalands as one progresses southward 
are found in the Voteauic Plateau District. Here one be^us to see 
certain cliaracteristic subalpme shrub forma tiona, especially of 
monoao {Dracophyllum Epacridaceae), The Tolcanic 

mountainai three of which are still active, raise their summits far above 
timber line and support a fasciDating alpine flora. 

The northeru tip of the East Cape Botanjcal District is within the 
northern plant zone marked off by the 3Sth parallel, so contains some 
nortliero planta. The Bouthern part in the Hawkea Bay region ia 
drier, hence it has certain agriculturai possibilities not found else¬ 
where- Maize or Indian corn (Zea mays —Gramineae) is grown for 
its grain^ but elsewhere moBtlj for fodder. 

To the botanist Mount Egmont is probably the first attraction of 
the Egmont-Wanganui District in the southwest portion of North 
Island. HoweveTp its high mountain flora is less rich than is that in 
tlie mountains of the central plateau, which are visible in good 
w^eather from Egmont higher slopes. The zones of vegetation on 
this isolated volcauic cone, however, are very vivid. There are few 
plants endemic to this district and tlie southE^m-hceeh forests are 
absent. A forest of taw^a (Beitschmeidia fawu) probably originally 
covered most of the lower land^ of which the Wanganui, plain is the 
most signifieantp but the area is now almost otitirely converted inta 
agricultural land. The moistp mild climate has led here to tlie oxtea- 
aivo development of dahryingp a most thri ving eutorprisG based entirely 
on anifieia! pastures. 

The Ruahinc^Cook District occupies the southeastem segment of 
North bland, with W’ellington as its principal city. It is divided by 
the Rualiine and Tararua Mountains into two parts, the eastern or 
protected side having a drier climate. The west side is influenced by 
the winds and storms, so characteristic of Cook Straitp and sand dunes 
and wind-shaped trees and shrubs are common. There are romnants 
of various forest types in the lowlands, and southern-beech forraU 
extend up to timber line In the mountainB. Most of the North 
Island aipino species and formations are found on the higher slopes. 
(See pi. 3, fig- 2,) Among the lowdand forest types is one composed 
primarily of the kohekohe {Dym^rplutn sperfuiife), the only member 
of the Meliaceae in New Zealand. (Sec pU 4, fig, 2.) It is a relatively 
open forest with dense shade, many lianas, and few uddetshruha. 
This tree bears flowers and fruits on the larger branches and trunk, 
a charactariatic fairly common ia the Tropica and subtropics. The 
occurrence of mixed dicotyloua-taxad forests and soutliem-bccch 
forests at the same or adjacent elevations, but on slopes with different 
exposures, gives one an opportunity to see vividly the csontrasts 
between these two t^Tsea of forest. Certaio mountain plants of South 
Island may ho found oa the exposed const of Cook Strait at sea level 
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Tile SoundS'Nelson District bo^ remnants of forests almost identical 
with those of the preceding distdct, of which it has been considered 
only a part (6, 8), Cook Strait ia less of a natural boundary Lhan 
the parallel of 42°,6. which crosses South Island below this Sounds- 
Nelson District> The striking features of this district are the 
beautiful long, rugged sounds in the north and scattered, lofty nioun- 
taina toward the sou lb > The climate is one of the best in New Zealand, 
and agriculture of a more mi.^ed nature than in most parts is well 
developed in the valleys and lowlands, especially about the principal 
city. Nelson. From tliis progressive center one can readily reach the 
diverse botanical aasociations and seek the unusually large number of 
endemics. The famous Mineral Belt crosses this district with iu 
vivid exhibition of the effect of an excess of magnesium in the soil 
on plant growth. Ilere at a rionolpme elevation are alpine and other 
plants with a dwarf or dwarfed habit growing oq the mineral or 
serpentine belt only a few yards from rich taxad and southern-beech 
forests growing on iionmineral soil- One of the principal^ interests 
of the Cawthron Institute iu Nelson is in mineral dehciendca in 
agricultural soils. Hops, tobacco, aud fruits are among the crops 
grow-n in this district. 

The Northweatem District is a mountainoua area with some broad 
volleys. The rainfall is heavier, especially in tho southern part, 
than it is farther east and agriculture is less well developed. It con¬ 
tains about 30 endemic species including PUtospitrum (Fittosporaccao), 
a species of the epiphytic tree gcuus Metrmderoa (Mjrtaccue) 
(pi. 2, fig, 3), a native broom (ChmieftiKi'io JirWii—Leguminosae), 
gentians, forget-me-nots, and species of the variable woody genus 
fMe (Scrophulariaceac), This genus is so closely related to Veronica 
with only herbaceous species that they are often combined under tho 
latter name. Here one finds cartaia wet areas called paHftia, They 
would be considered bogs if they contained more peat. They are 
undertain by an impervious soil oJ^'uon pan” and stones, causing 
water to collect on tho surface. Charactcriatie plants are sedges of 
tho genus Cladium, the bog umbrella-fern iGleichenia itmbelhUt) not 
found between here stid North Auckland, and a gentian. Hem al^ 
occum Epacris paucifiora of the family Epacridaceae, wtiich in this 
part of tlie world furnishes the heaths, as tho closely related Ericaceae 
do iu the Northern Hemisphere. There are, fur thermore, a few orebate, 
sundews (Drosera—Drosemceae), an endemic species of an endemic 
genua, NipAonidiwni ImgijloTpim (Scrophulariaceac), and a few other 
plants, as well as that am a singly adaptable shrub, manuka. ^ 

In the Northeastern District there are very few forests, ^cept m 
the Seaward Kaikouros, the coastal one of several mountain rangre 
which dominate tliis essentially diy area, ehuracterixeii by low tussock 
grasslands. Hero occurs one of the two almost desort regions o 
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New ZealRod fdready mentioned (p. 320). The many endemic species, 
often of very reatricted range, as ia characteristic of those of South 
Island, are largely denizens of open rocks and high, barren, stony 
fields called fell-fields. Here, as throughout the drier mountains of 
New Zealand, occur extensive "shitiglo-siips” on dry mountainsides 
where weathering has broken the greywacke rock into deep layers 
of loose shingle. (See pi. 7, fig. 1.) On this formation grow certain 
distinctive shlngle-slip plants, mostly isolated or in sEoall colonic 
and specially adapted to these precarious life conditions. One of 
those most disihictive cushion growths known in New Zealand as 
Togetable sheep is characteristic of this Northeastern District, Haastia 
pulvinaria (Compositae). It also occurs in the adjacent districts to the 
west and northwest. Other vegetable sheep are mostly in another 
composite genus, liaouiia, a widespread and variable New Zealand 
group of about 32 species of a characteristic, extremely dense growth 
form, especially adapted to dry areas. 

The Western District is an area of dense temperate rain forest of 
taxads and associated dicotyledonous trees on tho western side of the 
Southern Alps. There is no beecli forest except high up on the moun¬ 
tains (this perhaps properly belonging to the eastern province), and 
at the northern and southern cmla of tho district. The rainfall on 
the coast and mountain slopes and the snowfall in the high mountains 
are excessive. Tlie traveler here feels ha is in a pioneer atmosphere 
where man has only begun to despoil nature, except perhaps toward 
the northern end. Agriculture ia limited by the extent of the forests, 
tho rainfall, and tho narrow coastal strip. Sbeep are replaced by 
cattle which thrive better under such humid conditions. The great 
attractions to botanists as well ns others are the Franz Joseph and 
Fox Glaciers (pi. 7, fig. 2), which extend far down from the great 
snow fields above through deep gorges. Their tips are just under 
TOO feet above sea level, far down among the forests. Here is the 
only place where one can photograph a glacier in a fratnew'ork of 
tree ferns. There are a few endemics in this wet district. 

Over the divide on the opposite aide of the Southern Alps is tho 
Eastern District, almost the antithesis of the western. Here arc 
extensivo tussock grasslands instead of forests, and low instead of 
high rainfall, dry instead of almost saturated atmosphere, and woU- 
developed agriculture, with wheatfielda instead of stump-filled clear¬ 
ings recently cut from the “bush.” Tho propserous city of Christ¬ 
church is ilie center from which to become acquainted wltli this area. 
The climate may be called scmioontinental. Temperatures range 
higher and lower than in most other parts of New Zealand except 
Otago Province, and the precipitaUon varies. There is much discus¬ 
sion as to the original extent of the grasslands (pi. 0, fig. 2) and tho 
forests, but the latter, undoubtedly never very oxtensivo, are now 
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much less ao, Remnaats occur ia tJia Canterbury Plain of the swamp 
forest or kahikatea, composed of PQd<Ktirp^ dacrydi^es (seep- 32S). 
In the high mountains are fell-fields, ejnazing shitigle-slips, and other 
alpine formations, each with charavloristic plauts. Mount Tori esse, 
with its Tcgctftble sheep {Roou/tb edatnvi and li, (pi. 10| 

fig. 1), and other characteristic alpine plants, Js a well-known mountain 
rather easily reached from Christchurch. The Ranks Peninsula, 
with mountains of volcatitc origin which can wrest moisture from the 
eastern winds, constitutes a subprovince- It, too, has certain endemic 
plants and formerly had diootylous-taxad forests, now largely gone 
to make way for prosperous dairy forming. 

Reference has already been made (p. 320} to the desert conditions 
in Central Otago, which is the outstanding characteristic of the North 
Otago District, This is the hottest and driest, as well as the coldest, 
part of New Zealand. It owes this distinction to the protection from 
the rain-laden westerly winds and the lailure of the southwest winds, 
which bathe the area to the south, to reach this district. Its desert 
conditions have been aggravated by overgraaing (pi. S), burning, and 
the nibbling of an amazingly dense rabbit population. Irrigation in 
river valleys makes possible tlic growing of certain fruits and alfalfa. 
There are a few endemic plants, mostly serophytes, soma of them 
grazed almost to estinetion. The weed population is perhaps more 
conspicuous than ataewhere in New Zealand. Forests are practically 


absent. . 

The least-interfcred-wdth and the botauieally least-known part of 
New Zealand ia the Fiord District, an area of difficult access because 
of the meagerncss of means of iransportation and of population. Ite 
boundaries are rather vogue, especially the separation from the faouth 
Otago District, Forests of taxads and of southern-bcoch stretch from 
seaooast to timber line. Almost the only open land is the tusMck 
grassland in the alpine zone between the treo and the snow lin^, The 
distinctive or ncar-endcmic plants are largely low ground plants or 
shrubs, most of which occur also ia the districts toward the e^t. 
Here was recently found, in an isolated valley, the supposedly Mtmct 
flightless bird, the takahe {NotorfiU minUUi)t one of the ^oup of rails. 
Within 3 weeks of this discovery a largo area was declared by the N ew 
Zealand Government to be a reserve where only those with special 
permits could go. Sneh rapid action bodes well for future conseiva- 
tion. One wonders what rare plants may also wme day be found m 
this district of superb wUd scenery. Those who have been m to 
district so far have found it of rather more zoological than botanical 

^ ^ A 

In the South Otago District, which includes sou^ern O^go ^d 
most of SoutUand Provinces, the moisture tomes largely from the 
wet southwost winds, which leavo snow on the high moimlams m the 


33S ANNUAL REPORT SMITHBONIAN INS TITU T I ON, 

west. Elsewhere the lead is also meuntarnous with fertUa plalos 
betwaeix. Fro to DuaediD one can readily reach mooatains with many 
specially interesting plant formations and some forests. (See pL 
6g. 2.) Farther south are the eastward extensions of the beech forests 
of FiondJand, which bo far cannot bo Bet off by any definite lino. 
Orio^iiahy in tlie east were dicotylous-taxad forests differing from Ihoso 
farther north in their fewer spedes, but the forests in this area haTo 
suffered much from the ax of the settleis, who are still pushing steadily 
wcstw'ard. The tussock grasslands at lower eloTations aro cxtonsiYe, 
as wdl os the alpine formations high on the ntountains. There aro 
only a few etidomic species in this district. Agriculture is well devel¬ 
oped, some of the moat prosperous farms in Now* Zealand being in 
the vicinity of Invercargill in the south. 

The most unaltered part of New Zealand is tho Stewart Island 
District, unless it may have to contest this honor with the Fiord 
District. It is for the most part heavily forested with dicotyloua- 
taxed forests, which are very similar to those of southern South Island, 
just across stormy Poveaux Strait. Kemarkable swamp or kahikatea 
forests occur here, domitiated by Ihxcrydium initrmtdiurfi, and distin¬ 
guished by very numerous huge moss and live wort cushions on the 
forest floor. There ore no beccii forests on Stewart Island, and several 
other trees and shrubs that one would expeot to be here are wanting. 
Altogether about 600 species of plants are to be found with about 20 
endemics. Several species arc found elsewhere only on the sub- 
antaretic islands to the south or are closely related to plants of that 
r^ion. Stewart Island has an abundant rainfall, high winds, and 
moderate temperatures, frost and snow being very rare except on the 
highest mountains, none of which are over 3,000 feet high. As there 
are no roads except close about tho only seLtlcment, Oban, on Half¬ 
moon Bay, travel is veiy difEcult, The interior is beat reached by 
rough trails, usually called “tracks" in New Zealand, from nearby 
points on the coast to wdiicb one must go in hired lishing boats. A 
prominent feature is the characteristic coastal hlgh-shrub formation, 
often of the composite genera Stnwio and Olearia or tree-daisies, and 
treelike species of Dracophyltum (Epacridneeae), at the bases of whicli 
penguins tust. Alpine species are frequently found here at seal kvel- 

Much importance is attached to the study of the subantarcUc 
islands farther south, and they have been visited a number of timoa by 
spedolists. It is not, however, feasible to discuss them hare. 

SOME PECUUABITIES OF NATIVE NEW tEALAND PLANTS 

It is'impossible in a brief survey such os this to take up even tho 
moat interestmg plants. There are, however, a few outstanding 
characterifitica or peculiarities of the plants of this flora which will 
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bo of in tores L In the first placOp there are few annual or biennial 
plants in the native flora. Then it la striking that manj general 
which in other parts of the world have mostly herbaceous epeei^i 
here have only or mostly shrubby ones. Why the long-isolated New 
Zealand flora should have developed a flora without annuals and 
biennials and with this emphasis on woody plants is somewhat pnz.- 
zliug. There were no grazing animals in New Zcslatid until tbe white 
man came, except possibly the largo extinct flightless birdj the moa. 
Hence, the course of evolution may have been sligbliy different from 
what it was in other countries where grazing animals could have 
influenced the development of Lha flora. 

A puzzling characteristic of about 200 species in 32 different families 
is the developinctit of different types of foliage and growth habits at 
succesaivG stages in an individual plant*3 lile. In its youth, which 
may extend from a month to 50 years, a plant may have a ^‘‘juvenile 
foliagftp'^ and then develop a strikingly different "adult foliage.'^ 
These may be so difforent that one finds it difficult not to doubt the 
veracity of the local botanists who point out that these different forms 
of foliage really occur on the same plant and that they do not repre¬ 
sent different species. FurthennorOj many of these plants in one 
stage are adapted to one habitat and in the otlier are better fitted to 
live in a different cnTironment. Most of theao species are endemicSi 
so the phenomenon seems in some way related to the evolution of the 
New Zeal anil flora. Are these changes related to past changes in the 
climate of Nevr Zealand, and arc the plants now reflecting their evolu¬ 
tion in the stages of development through which the individuft.1 plant 
passes? The phenomenon is a veiy puzzling one. It is by no meoM 
confined to New Zealand, but is more strikingly evident here than in 
other parts of the world. At any rate tliis feature has advantages 
to the plant pjropogator, for sometimes in cultivation it happens that 
the “jiivcuile^' stage is more susceptible to an insect or fungus attack 
than is the "adult*' stage. In that case the grower can vcgeiativfily 
propagate from "adult'' plants, thus entirely dimmating the sua- 
ceptiblo stage in the development of bis plants^ unless the adulta so 
growTi lake a notion to revert to tbc juvenile habit of growth. Orten 
change to another stage can be induced by altering the growing con¬ 
ditions of plaiita under cultivation. 

Another disconcerting pbenomenon to the student of specif of the 
taxonomist is the extreme variation of form that may be found wit in 
s genus. A genus may have species which arc diminutive in size an 
Olliers Ibal are huge trees. The taxad DacrydiuTn is an example. 
This phenomenon occurs in other countries also but it seerra to be 
outstanding here. Great variation within certain specie® is also very 
disconcertingj as is the running togelher of the species in many genera 
such as Coprosm^ (Rubiaceae). Hybrid swarms are common and 
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havo been given much consideration, over 500 hybrids having been 
recognized in the New Zealand flora* Thns the taxonomist is often 
hard put to give a plant a propi^r name and to define the limits of 
species ' Reference has already been made (p. 324) to the divaricating 
habit of growth, (Sco pi. fig, 1.) Indeed, New Zealand has so 
many ongrossing botanical phenomena that tUo great interest in 
plants on the part of so many people is not surprising, Pcihaps the 
characterization of the country as a botanical paradise is not ari 
exaggeration. 

THK INTRODUCED FLORA 

The vividness of the eonf ict between the introducod and the nRtlve 
flora in New Zeafand makes conaideratioQ of the exotic plants more 
worthwhile in tliia than in many countries. We can study the hUtoiy 
of this conflict here more easily tJiau any^vherc else in the world for 
several reasons, Jn the first place, the geographical isolation of New 
Zealand has reduced the number of ways plants can come in, tlius 
enabling us more easily to ecrutinizo these channels. Secondly, there 
are certain rather definite records of “pne-pakeha^' introductioDS in the 
legends of the Maori peoples. Finally, the records of plant and animal 
introductions since the arrival of Captain Cook are fairly completej 
and the e,xtsLing gaps do not materially vitiate tlie conclusions that 
may be drawn from these data. 

It appears on the surface that the native flora is doomed to disappear 
under the impact of the more vigorous invailcrs. But more thorough 
obaervatiODs have led to the conclusion Uiat the strength in tlm new- 
comen? lies in tbe aid they have gained from man’s activities in chang¬ 
ing lb c environment to their advantage ami to tlie disadvantage of the 
native species. Wliore competition occura unadled by man, tho 
indigenous species arc able to maintain tbemsclvca and vvln supremacy. 
With a growing consciousness of the need for conservation in New Zea¬ 
land, late though it may be* the threat of extinction of the native 
flora will disappear. But it will be a long struggle to overcome tho 
groat losses already suffered here, as in so many other parts of tho 
world, through man’s past failure or unwilhugnesa to see the oonse- 
quoncca of his acts and to restrain his desire for immediata returns 
to himself, in tho interests of future generations, 

hlost Maori legends of the bringing of food plants to Now Zealand 
are plausible explanations of the presence of certain species. Ainong 
these are the hue gourd {Lagcnaria vwfyam—Cueurbiiaccac), the 
sweetpotato or knmara (Ip&moea tato/u^-^onvolvulaceao), iho taro 
(Colocasia tsculaiia var, aniiqwrum or C. Aroceae), 

and tho ti tree (C^rdylim Liiiacoao)* Sometimes, how¬ 

ever, these legends do not lit the observable scientific facta. For ex- 
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amplB, legend says that the tree ciilled karoka {Conjitoc^rpm tfien- 
gata —Coriariaceae) was hrought in a carioc about 500 years ago, 
obviously from Polynesia* But this species is not known in Polynesia 
or anywhere else outside of New Zealand except in the Kermadec 
Islands. Possibly it was brought from that group. Another species 
occurs in the New Hebrides and one in New’ Caledonia. 'Tfaeso 
Maori introductions do not seem to have influenced the native vege¬ 
tation. These people did not greatly alter the environment in favor 
of their introductions, and oven when they did do so Uicy usually soon 
abandoned tho fields and lot the native flora take over again. 

The first definite record of introductions are those mentioned in tho 
account of Captain Cook's second voyage to New Zealand in nVil. 
He brought nn imsls to release, especially goats, and plants to sow, 
because on his first visit ho was impressed by tho sbortago of food 
plants and animals in the country. Ho w'anttd to assure a larger 
supply for his future expeditions. Tims he planted gardens and en¬ 
couraged the natives to tend them and to plant more. On later ex¬ 
peditions observations were recorded of the few successes and the 
more numerous failures of these ventures. 

Probably few introductions occurred between Cook's voyages and 
the first regular sottlemcnt, which was at WeUiugton in IS39. It is 
recorded, however, that potatoes were actually e.vported to Australia 
during tins timo. Then with the influx of imn^rants to Now Zealand 
there came accidental weeds, partly with their rough bedding w'hich 
was thrown out with other refuse full of European weed seeds. IVhon 
these settlers gained some leisure from die grindiug toU of pioneer 
life, nostalgic longings for the atmosphere of the lovely English 
countryside overcame them. They sent for plants to lend color to 
their new homes, where the native plants were generally so lacking m 
bright flowers. Here were no social class distinctions to keep the 
people from en;oviug tho sports reserved at homo for the pnvileg^ 
few. Hence, as New Zealand lacked animals, fish, and game birds 
euitabk for sport, deer, liares, tabbita, and other animals wore mtro- 
duced and released with no thought of the future, except the sport of 
hunting them. Skylarks were brought to make music for settlers 
eats, and pheasants to shoot. Soon “acclimatization societies were 
formed to aid in bringing in plants and animab. Enthusiasm roM 
to great heights. Many introductions, according to the rcoonls, 
failed time after tunc? others succeeded (dl too well and bc^e 
destructive elements in tho flora and fauna. The story o 
of divemo people and groups the world over to intr^u^ plante and 
animals and then to control those that prove harmful is dwa;^ the 
same. Many wdl-meaning elTorls foil from lack of coordination of 
interested groups and of ecientific undeiatanding of the problems 


342 ANNUAL REPORT SMITHSONIAN INSTITUTiON, I04fl 

involved either in selecting intnoductioiis or dealing with those that 
threaten to or have run amuck. G. M. Thomson {2fi) hna vividly 
summarised this course in New Zesjand. 

The first important list of introduced plants appeared in J. D. 
Hooker’s Handbook in 1867 05). The latest is that in Cheoseman'e 
Manual, second edition, 1925 (4), since which time other species have 
arrived and more are constantly being introduced by both ofScial and 
private intcresls. Several publications have been issued to aid in 
identlTying introduced plants, as one by Allan (1). In 1922 G. M. 
Thomson brought together the scattered information on introduced 
animals and plants (26). His object in compiling the book wras to 
obtain precise data as a basis for understanding what to e.vpect in the 
conflict between the introduced and the native flora and fauna, and 
for drawing up effective future scientiflealiy based control measures. 
He records over 600 species of plants as truly w'Ud, that is, they re¬ 
produce by seed and appear to he permanctit denizens of New Zealand. 
Most of them arc of European origm, a few are from Australia, and 
some from America and Asia. 

Although widespread harm has resulted from bringing In certain 
foreign plants, the economy of tlie country is founded on imported 
species of plants and animals. The list of introduced plants includes 
injurious, potentially harmful, harmless, and both injurious and useful 
species, depending on circumstances. Reference bos already been 
made to several harmful species. A potentially dangerous species is 
the prickly pear cactus (Opuntia sp.) which in Australia has been so 
destructive. It w-os reported in 1840 at Hokitika on the west coast 
of South Island but has not spread. One wonders what would happen 
if a frost-rosistant species were released in Central Otago. Red clover 
(TW/biitnii pratmsr) came early, hut had to wait for the introduction 
of the bumblebees to pollinate its llo'wors before it could set out to 
cover New Zealand. One accidentally introduced weed, the slender 
thistle (Cardvvs ppenocephaliia)j which probably came originally os an 
impurity in farm seeds, now is an emergency winter feed for sheep in 
Central Otago. But if tho native feed had not been overgrazed, tljis 
emcigency would not arise. An interesting failure seems to be the 
Chinese paper mulberry (Brouesoneiia p<ipyr\f$ra) reported by Sir 
Joseph Banks on the first Cook expedition in 1769, It was obviously 
a Maori introduction, for cloth was mode from its hark flbers, but it 
ia not found in New Zealand now, though it is a common weed in 
most tropical and subtropics! and vvarm-temperatura countries. The 
common mullein has an advantage not shared by most weeds and 
cultivated plan Is in that tho introduced rabbits and sheep will not 
eat it. 

Many New Zealand introductiona show astonishing vigor, rapid 
growth, and large size. This la especially striking in tho Monterey 
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pino iPinua radiata). At fiiBt thb phcuomc^Doa caused much alarm 
lest the native flora should be wiped out. When Darwin's ideas on 
evolution through natural selection firat came to people's attention, 
much speculation arose in New Zealattd as to whether new species 
and varieties would arise capable of overcoming the native flora. 
Observations, however, do not show evolution of new entities, nor 
have tho fears of the extermination of native species been realUed. 
Although there have been profound changes in the vegetation, there 
is no known record of the extinction of ony species. If the full record 
of the New Zealand flora at the time of the white man's first arrival 
were known, we might, however, bo able to record today some extinct 
apecies. The record of the existence and distribution of New Zealand 
plants is by no means complete even today. Local extermination has 
occurred in many places. For example, the antiscorbutic, Lepidium 
oUrac^fni (Cniciferac), which Captain Cook found abundant and 
which supplied his urgent need, is now rare, thanks to the depreda¬ 
tions of appreciative sheep. The traveler will see and be shown many 
examples of formerly common but now rare plant species and the 
efforts being made to protect them. Tiicy usually show maintenance 
vigor when man’s introduced grazing animals, sheep, goats, and 
rabbits, are eliminated. (See pi. 8, fig. i, and pi. 9, ftg. 2.) But at 
the same time a^ressiveneas is not conlmed to the introduced flora. 
Often when man has changed tho natural habitats, indigenous species 
have been the invading weeds rathor than vigorous exotics. The 
most notable of these arc the manuka {I^pUispirntupi acopaHitvi) 
(pi. 5, fig. 2) and tlie bracken {Pteridiam ac^ilinum var. 
already described. 

Indeed, the introduced flora is well worth the travelcr’a attention. 
botanical STL’DY and RBSEAnCH 

Scientific interest in New Zealand plants began with the first 
explorers. The noted botanists Sir Joseph Banks and Dr. Daniel C. 
Solander accompanied Capt. James Cook on his first voyage to New 
Zealand in 1769. Most other expeditions that came here in the early 
days also made stncntific observations and collections. l\e even owe 
some scientific knowledge to tho early whaling voyages that preceded 
tho settlement of New Zealand. The settlers were for the most part 
of a class which was alert and inclined to make observatioiis, and many 
people recorded what they saw and sent ooUections to the Europe^ 
scientists. Ofliclals and missionaries gleaned rmetiea tri>m the 
countryside aa they went about on businosa and mission trips. o 
nomcnclaturo of New Zealand botany is full of memorials to th^ work, 
as llaastia (Compositae) for Sir Julius von Ilaast and Co£en«w 
(Campanulaccae) for Rev. William Colenso, Scientists with various 
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ejcpeditioas collected but the most noteworthy was Sir Joseph 
Hooker who wrote various works on the Antarctic and New Zealand, 
including the first real flora of this future Domlnloxi (14). Naturally, 
early work was done in England, but graduaDy scientific works bc^n 
to appear m New Zealand. The Goremnient fostered scientific work 
at an early date and the larger part of present-day botanical research ig 
being carried on within the GoYemtnent. Among the many botanbfcg 
of New Zealand only two may be mentioned hero for lack of space, 
Namea of others are noted in the bibliography and in various works 
there listed, Leonard Cockayne contributed greatl}", not only to the 
knowledge of ecology and phytogeography in Kew Xcaland, but also 
to the dissemination of this knowledge among the people by his practice 
of writing for both tho laymen and the scientists. (Sec especially 
(6).) T. F. Chccscman issued the first edition^ in 1906, of the now 
widely used Manual of the Kew Zealand Flora, the second edition 
having been issued in 1925 (4), It is now being revised again by H. H. 
Allan. 

The principal herbfirlum eonectioiis of plants in New Zealand are 
deposited in the Auckland Memorial lEu^titute and lluseum, the 
Division of Botany of the Department of Scientific and Industrial 
Eesearch (overywhero known as tho DSIR) of the Government in 
WellingtoUp the Dominiou Museum in Wellington, and tlie Canterbury 
Museum iu Christchureh. Botanical research is being promoted very 
actively, especially by the DSIR. Botany is being taught and research 
conducted in oil the scattered colleges of tho University of Now 
Zealandp in Auetdandp Welhiigton, Chi-istchurchp and Dunedin. The 
agricultural colleges arCp of course, doing research in applied botanyp 
as is also tho Cawthion Institute in Kelson which is specially conccnie<l 
with basic agricultural problems. 

The extent of this research and teachUig b a recogiutJon of the 
importance of botanical 5cimce in tiic development of the country. 
Much hiia been donCp but in a real sense the surface has only been 
seratched. Cockayuo's major work on the vegetatiun b an excellent 
compreheuaive treatment, but the author recognized that it was a 
preliminary presontatiom Ghoesemau^a c^ccellonL flora is subject to 
improvement, as indeed is every other flora ever published. 

One catmot in a survey such as thia even touch upon all the facets 
of the subjecL Many important plant formations and fascinating 
plants have been left for the traveler and tlie roatler to discover* The 
fields of marine algae uud fossil polleos are very lively and promising 
subjects of research in New Zealand today. Fungi aro coming into 
thoir own, and bryophytea aro by no means neglected; at least the 
groundwork has been laid. Tho foms of New Zealand are famous and 
much has already been published ou them* Nor arc the laboratory 
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tnd expcriiDcntd aspects of botany EK^glceted, AU are thriTin^ and 
carrying on tlie advanccmcDt of pure and applied science in New 
Zealand. 

Tlic botanical traA^cler in New Zealand wiU soon come to know 
many amateur and pmfessional botanists^ Nearly every community 
has a local naturalist or twOj often with special interest in so mo 
limited group of plantSp and nearly all much interested in growing 
native plants in their gardens. The commercial museries ero in tune 
with this spirit and have separate sections devoted to natives which 
can be successfuUy grown in gardci^s^ The city parks are usuaDy 
doDiipated by exotics, but it was most gratifying to hear one snperin* 
tendent with 3,600 acres of park and public domain in his care, in a 
city of under 11,000 population, explain his extensive use of native 
species. The planting of natives versus exotics In reforestation is a 
lively subject* 

Botanical travel in New Zealand is relatively simple and most parta^ 
except the Fiord region of tbs southwest and Stewart Island beyond 
the HaUmoon Bay region, can be reached by car, train, bus, or boat 
plus not too strenuous wiitdng. The diCFusiOD within the population 
of people sympathetic to botanical iravelcra makes the experience one 
never to be fotgotten. The common bond of tlie English language 
facilitates explanations freely given. The handicap to the visitor of 
the frequent use of native Maori names is lessened by the unusuaJ 
familiarity of many people with scientific names, so nectary for dear 
understanding. Indeed, New Zealand is a botanist's paradise* 
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THE ARCHEOLOGICAL IMPORTANCE OF GUATEMALA 


Bt a. V. Kll>t>E]t 
Chairman, Diitition af Hitta/riiol 
Carntgu /n«Hltt(ton c/ 


fWlcll *5111815 

The high aboriginal cultures of Mcsoamerica cstewdeJ from uorlh- 
ccQtrai Mexico veil mto Kicamgua. GualemaU lies almost csnctly 
iu the middle of this great urea. Not only is it central geograplvically 
but, as M-ill be shown, it is unquestionably one of the New World's 
most important ercheolc^cal Reids. 

To begin at the very beginning^, it is corlatn that somewhere in 
Guatemala there must exist remains of the earliest cotnera to the 
Americas. The Indians, wo know, were preaent at the wtLremo tip 
of South America at a time when many sorts of anmiols now extinct 
were still in existence. To reach South America, their forebears 
must have worked their W’ay down through Central America and 
Panama. Until very recently, however, no trace of early human 
occupancy of, or man's passage throtJgb, Mexico and Central America 
had come to light. But during the last 2 ycare crude unpicments and 
a human skideton liava been found in the Valley of ilcxico in deposits 
which seem surely to date from veiy shortly after the close of the last 
glacial period. Discovery of similar evidence in Guatemala would 
add greatly to our at present ratremcly scanty information as to tJie 
peopling of tim New World, and as to the culture possessed by the 
pioneers. 

Whore to seek such evidence is a problem, The Pacific coast 
plain, lovcl, rich in game, its waters teeming with fish, would seem 1o 
have offered the most favorable route for migration. It surely so 
served iu later times. However, to find the meager remains that 
hunters and fishcrfolk and gatherers of wild foods can be expected to 
JiflrTB lefti behind them vAll DOt be isivsy- Tb^ coost pImq and 
slopes of tbo volcanic coast runge deeply covered by alluvnim 
washed down during the ages from the mountaiiis. Early eamp Mt433 
mustj in most cases^ lie far below the pres^yit surfaec. Not only tliat^ 
but tho sliore line of today is evidetiay a considerable disUnco farLher 
out tbau it was 10 or IS tliousaud years ago. Random digging would 
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be useless. A sliarp lookout should therefore be kept for materials 
which may become exposed hy the cutiiii^ of alreams or by road and 
other excaTatious, But the chances of an archeologist'a happening to 
be on the spot to take advantage of such an accidental find are almost 
negligible. 

Whether or not the highlands served as a Touto for early travel is 
unknown. They may wpU have heeuj and at any rate doubtless be¬ 
came inhabited a very long time ago^ In the interior valleys thcro 
should accordingly exist remains dating from the very long period 
which elapsed between the first coming of man to Guatemala and the 
rise of agricultuml, pottery-making eultures. This stretch of at least 
several millennia is at present entirely unrepresented by identifiable 
relics, not only in Guatemala but throughout MesoameHca^ In many 
parts of the highlands search for evidence of human life during those 
years will encounter the same difficulties presented by the coast* It 
is possible that the oldest sites may have been buried by falls of vol¬ 
canic ash—incidentallyj it h most important that studies he made 
to determine the age of the more recent volcanic deposits. And even 
if not blanketed by the original falls, such sites may well have been 
covered by ash washed down from the higher parts of the terrain^ 
For thU reason search should be made of areas not so affected, as on 
the northern and western slopes of the Ouebumatancs, in Alta and 
Baja Verapaz, and particularly in the valley of the Hotagua and its 
trihularics. That drainage is a most promising region hecauso, owing 
to its aridity, the ground is little hidden by vegetation^ many quehrad as 
present extensive cross aectJon^ through old deposits; and also be¬ 
cause, in the Afotagua country, there have often been found bones of 
members of the elephant family known to have been hunted by the 
early ancestors of tho Indiana in North America. 

The next major stage in Mesoamerican culture development w*^^ 
that which saw the beginnings of act lied agricultural life, a. stage, 
theoretically, during which maize was first brought under domestica¬ 
tion. This, again theoretically^ ehould have been an era of small com¬ 
munities, po^essjiig few of the attributes of the later, more advanced 
civilizations. Pottery, however, was presumably being made. I 
have said "theoretically** because no trace of these postulated first 
fanners has bo for come to light in Guatemala or, for that matter, In 
any other part of Mcsoamcrica. That such a stage must have existed 
so tne where is obvious, bccauso the oldest cultures wc can now identify— 
the so-edkd Archaic of Mimfiores and Salcaja in Guatemala, Plsya 
de Io3 Muertos in Honduras, Zacatenco and Early Trca Zapotes in 
Mexico—are so highly developed that they can only have been the 
result of a long period of growth. 

Were the above-mentioned Archaic cultures relatively uniform, one 
might suppose that they were introduced in maitiro fom from South 
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America, but although they are more gcnerflliaed lhati thoaa of the 
Classic Period they noverthelesa e.xhibit distinct local dilTercnoea that 
seem to have evolved ao-io^peok in situ. Furthermore, they are 
unlike any culture nt present known from south of Panama. This 
problem of the early agricultural-pottory-making peoples is one of the 
most baffling which confronts the student of Mesoamcrican prehistory. 
Guatemala should bo a particularly favorable area for research on this 
important question because elemonte of the so-called "Q-complex" 
which, as Lothrop and VaiJlant have pointed out, appear to underlie, 
or at least to have played some port in the evolution of the more 
southerly Archaic manifestations, are to be seen in both Mlrnilorcs 
and Salcaja materiala. Search should accordingly be made for any 
culluro of simpler type than Miraflores and Salcaja. If the Lothrop- 
Vaillant hypothesia ia correct such a culture should contain an even 
higher percentage of traita. 

It ia, of couree, to bo hoped that the postulated early remaina may Iw 
found in atrotigraphic position below those of a recognixed Archaic 
culture. That would definitely eettle the matter of relativo age. 
But enough work has been done at Kaminaljuyu to make it reasonably 
certain that at that site nothing older liea below klirailorea and two 
other cloady related but slightly esrlior Archaic phases known os Las 
Choreas and Sacatepequez; and, although the Salcaja deposits have 
been leas carefully studied, there are no indications tlmt they overlie 
anything more ancient. Both Kaminaljuyu and Salcaja, however, are 
in nreaa heavily blanketed by volcanic aah, the upper layers of which 
may be of sofficicntly recent date to have rendered those localiiics 
unsuitable for agriculture during pre-Arebaic times. It would there¬ 
fore be well to investigate country upon which little or no ash has 
fallen. The northwestern slopes of the Ciichuoiatanes fulfill this 
requirement and they should certainly be explored, not only Iwcauso 
of abaeuce of ash but also because that region sustains an c.\ccptionally 
luxuriant growth of tcocinte, a plant which, whether one regards it 
os an ancestor or a bastard offspring of maize, is in some way con¬ 
nected with maize. Maize having been without question one of the 
very important food crops of Archaic times, and therefore presumably 
of pre-Archfiic times, any area in which it might have been brought 
under domestication becomes important in our search for the ongins 
of Now World civilization. 

With the opening of the Archaic Period wo at last find oui^Ives on 
more solid ground, in that materials are abundant and their assi^- 
mont to a pre-Clnssic era can be made not only on typoiogi^ grounds, 
but on the incontrover tiblo evidence of stratigraphy. In Guatemala, 
03 has been said, the Archaic is represented by Las Charcas, Sacate- 
pequez, Miraflores, and Salcaja. Further work con bo county 
upon to reveal other Archaic cultures in the highlauJa and on the 
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Prtdfic coast. In Poten, also, Archaic remmrisha^c boon found: tho 
Mamom phase and the somewhat yonngcr Chicatiol of Uaxactun. 
Theso are of spociat interest because before their discoTeiy it was 
generally believed that advanced culture had developed in the high¬ 
lands and bad not worked its way into the lowland jungles until a 
relatively late date. Now, however, it appears that Mamom may be 
even older than anything so far known in the highlands, for the closest 
resemblances between the Peten Archaic and that of the highlands 
arc on the Cbicanol, rather than the Mamom horizon. This raises the 
possibility that the beginnings of bJglier civilisation may ha %"0 to be 
sought in Peten. This will be no easy task because of the dilTiculty of 
getting about in that area and the practical impossibility of locating, 
in tbc dense tropical undeigrowth, any archeological site not marked 
by mounds or atone struct urea, which, in aH probability, wore not 
erected by the fii^st agriculturists. The Mamom and Chicanel 
deposits at Uaxactun would, for example, never have come to light 
had attention not been called to the site by the presence of its Classic 
Maj^a buildings. 

Nothing earlier than Ala mom apparently exists at Uaxactun but 
even more ancient remains may well exist at some of the many other 
ruined cities of Peten and no excavation at any one of them should 
he considered complete until pits have been sunk to bedrock in plazas 
and other places where possibly early refuse might have accimiu- 
lated* It is difficult to choose any specific district for investigations 
locking to the discovery of lowland pre-Arohaic, but one would sup¬ 
pose that the shores of the many lakes of Peten and the banks of 
such great rivers as the Usumacinta and Pasion would be promising 
locations. 

To return to the Archaic proper, far too little is known of Mira- 
fiorcSi or Salcaja; and Mamom and Chicanel are represented by 
materials from but a single site. More data are nailed, both in 
Llic way of Bpecimens and In the matter of distribution. As to the 
archeology of great stretches of country we are entirely ignorant 
It is nevertheleBs becoming increasingly dear tliat the Archaic cultures 
ivcte considerably more advanced than was formerly supposed. The 
people of that time were skilled potters and stone workers, they had 
already developed social and economic systems under which it was 
possible to earty out great communal undertakings. As evidence of 
tluB ore a number of very large mounds at Kaminaljuju that are 
certainly of Miroflores date and one on Finea Arizona near Puerto 
San Jose in the summit of which were found Miraflores tombs. Tem¬ 
ple E-Vri-«ub at Uaxactun is believed to be a Chicanel atrticture. 
We must also beheve that the remarkable hieroglyphic and calendrieol 
systems of the Maya were evolved durii^ the Archaic, for when the 
oldest dated atelae ware erected at the beginning of the Clonic Period, 
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tlios€ Byaterm were in full vrorking order* ^Vlirro tJiis took pUcp h 
as yet unknown. Peten seems to be tlie most likely region, but the 
eminent Mexican Eircheologist Alfonso Caso has recently brought for¬ 
ward weighty arguments tending to show that bar-andniot numera¬ 
tion, always thought to have been a Maya mvontion, may have been 
originated in Oaxacap supposedly by the ancestral Zapotec *; and if 
the very early date on the famous stela of Tres ZapoteS;, in VerftcniSj 
has been correctly read and if it rocottied a conteinporanooufi event, 
one might have to look to the southern coa.^t of the Gulf of Mexico 
for the place of origin of the Maya calundrioal e3'^temH 
We now pass upward in time to the Classic Period, which saw the 
full flowering of Mesoamerican civUi^tiou in Guatemala, Honduras^ 
El Salvador, and Mexico. It was once rather geuerally behoved, 
because of tho hriJiianco of tins development among the Maya, that 
their culture preceded and stimulated such others as those of Monte 
Alban, Taj in, and Tcotihuacan in Mexico, and of Tazunml in El 
Salvador. Finds of Early Classic Maya pottery at Tcotihuacan and 
also in tombs at Kamltialjuyu, where it ivob associated witli Teoli- 
huacaii pottery and a stone carving of unnustakabk Tajiu style, have 
suggested, however, that most, if not all, the Classic cultures came into 
being nioro or less simultaneoueljp each apparontly/growing out of a 
preexistent and already locally specialized Archaic forerunner. As to 
the chronological position of still another vciy important culture, the 
Olmec or La Venta of southern Veracruz and Tabasco, there is greater 
doubt, the distinguished Mexican artist and scholar MigueJ Covarru- 
bias believing h to have been earlier than, and in some respects 
ancestral to, those Just hsied. Other students fed that Olmec was 
probably contemporaneous with them* 

This problem and many others have been really Uttle moro than 
forniuJated* Aluch exploration, excavation, and comparative Btudica 
of ceramics, stone artifacts, jade carving, and major stone sculpture 
must be carried out before satisfactory solutions can be reached. In 
all such research Guatemala is destined to play a moot slgnificaut 
role because of the abundanco of its ancient remains and also because, 
throughout its long pre-Columbian history^ parts at least of Guatemala 
served aa a highway for migration and tnide. 

Archeologically speaking, Guatemala, of the Classic Period may, like 
Gaul, be divided, very roughly, into throe parts: the nortlieni lowlanda, 
the highlands^ and the Pacific const. The uorthem lowlaod province 
consists of the Deportment of tho Peten, and British Honduras, 
wdth limited o.vtensions into tho M^ican states of Campocho and 
Chiapas. The Poten is its heart, both geographically and culturally. 
In Poton he Fiedras Negras, Altar de SaciificiosT Uoxactun, Holmu!, 
Xu I tun, Naranjo, and Tikal, the greatest of all ancient Maya cities, 

I A. EbcUm™ 44 1m AbtUxW CaltctTBMatovhWT. 
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Close to the border^ in Cbinpaa^ are Yajcchilanp Palenque* as well m 
Bonampak, whose remarkable mural pain lings have been recorded bj 
Sr. Antonio TejotJa F, and the Mexican artist VilJagra. According to 
the evidence now availablcj the brilliant Classic Maya civilizatioD 
had its origin iti north-central Peten and spread outward from that 
center* 

la spite of the extreme difficulty of travel in its dense tropical junglesj 
the arch oology of Peten is better known than that of any other part 
of Guatomala. This is of course due to the presence there of the 
above-mentioned and many other Classic Maya sites whose spectacular 
ruined temples aod wealth of hicroglyphieally inscribed stelae havc^ 
until very recentljp almost monopolized the attention of students^ 
More excavation has also been carried on there—particularly at 
Piedras Kegras and Uaxactun—than in all the rc&t of the Republic. 
Nevertiielessj a vast amount remains to be done. Many important 
cities doubtleas still await disco very In the vast forests; otherSp already 
located^ have only superficially been studied. Work anywhere in 
Peten would be valuable^ bnt certain specific investigations aro ur¬ 
gently needed* Tho search for and exploitation of Archaic and pro- 
Archaic remains has already been meDtioned. Among the Classic 
sites, jlltar do Sacrificios, a very large and evidently long-occupied 
citjj especially calls for attention because of its situation at the junc¬ 
tion of tlio Pasion and Salinas Rivers, which makes it probable that 
it received trade from north-central Peten, from the Usumacinta 
cities, and, via the Salinas drainage, from the highlands. Excavations 
at Altar de Sacrificios should yield much-needed information as to 
cultural and chronological relations between the various lowland 
Classic centers and between them and various centers in Quiche, 
IluchuetenangOp anil Alta VerapoJ^^ Another strategic point is Lake 
Paten where, at TayosaJ, are Clasi^ic ruins and where, presumably on 
the preseot site of modem FloreSj the Itza remained independent and 
practiced the ancient Maya oullure until the end of tho acveriteenth 
century* 

It is to be hoped that Tikal may some day be cleared and main¬ 
tained as a national park* This city, as has been said, was the greatest 
of all Maya oiUcs. Its scores and ocores of structures of all sorts, 
many in remarkably good preservation, are dominated by steep and 
towering pyramids, cadi crowned by a tall roof-combed temple. If 
snflldent vegetation were removed to render the buildings visible— 
they are now literally buried in dense buah—and if a landing field 
were provided, Tikal would become one of the world*s most famous 
monmnrnta of antiquity. And judging by the wealth of fine spacimciis 
found at nearby Uaxactun, which was really little more than a suburb, 
the material to be recovered from tombs and cadiea of Tikal would bo 
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of tho utmost archeological and ariistic importance. The work, 
however, would bo long and oostlj. A tramondous amount of labor 
would have to go into the mere felling of the forest. And the jungle 
growths once removed, the pyramids and temples would have to bo 
atabilized, for the tree roota, which m past figea have caused such 
destruction, now serve to hold and bind togethor the masonry of walla 
and terraoes. For this reason, no project should be undertaken at 
Tikal until a thorough and definiUva piec« of excavation and repair 
can be assured- 

In so brief a amnmary as this of the archeological riches of Guatemala 
and of their scientific aignificauco, it is impossible to do more than 
outline a few of the manifold problems of tho lowland area. Those 
of the origin of Maya civilization have already been glanced at, and 
it was assumed that it arose from a loco! Archaic base in norlh- 
centrai Peten. Tho outward sweep of Maya culture seems to have 
been comparable to that of Christianity over early medieval Europe, 
that is to say, a diHuaion to already resident and probably Maya- 
speaking jiopulations of a religious cult, with linked ceremonial, 
artistic, architectural, and intallectual attributes, rather than a 
spread of people. Although this is somewhat of an assumption, it 
seems to be borne out by divergences from Peten practice in the more 
everyday aspects of material culture, such as milling atonca, common 
household pottery, etc., which aro to be seen in tho Motagua Valley, 
at Copan, on the Usumacinta, and in Yucatan, all areas into which, 
if we have correctly interpreted the evidence of the dated stelae, 
Nfaya ceremonialism penetrated from the Peten nuclcus- 

What stimulated Urn development of the extraordinary Maya cult 
and what factors conditioned its wide acceptanec vitU probably never 
be revealed to us, but as to tlia life, the arts, the architecture, the 
calendar, and the hieroglyphic writing of the Maya, wo (ilready have 
considerable knowledge, and further work in the as yet almost iiii- 
toudied wealth of mins in Peten and adjacent regions will yield a 
ndi. harvest of new information. We may also learn whetlmr the 
entire territory occupied by peoples of Maya culture was under the 
sway of a central government, in other words whether the “Old 
Empire’' was indeed an empirej whether it was looedy bound topther 
in some sort of confederacy; or whether, like ancient Greece, it was 
divided into iiMlependcnt city slates. At all events, the southern 
dtiea were in e-xiatence for some sLx centuries before they were aban¬ 
doned and tho once populous Peten reverted to jungle, ^\liy this 
should have occurred has not as yet been satisfectorUy explained. 

So much—and it is little enough—for the lowlands of northern 
Peten. Between them and the highlands is the vast and abo densely 
forested sweep of southern Peten, a little-explored region which scema 
never to have bean heavily populated. 
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The highlands were also occupied by Meyarspeakcra^ eturdy^ md^ 
p eudent folk, to j udge from their preseo t-day dcaecndanta. C ult uraliy 
they never reached ihe heights Attained by their lowland linguistic 
rdativea. Very litUe h yet known of highland archeology. Sltta are 
abundant^ but because few of thorn contain well-preaerved buildings, 
they have generally failed to attract the efforts of students* The lack 
of striking architectural remains was believed by Manuel Gamio to 
have been duo to prevalence of earthquakes which would have ren¬ 
dered unsafe any masonry structure the ancients were capable of 
erecting. Stone buildings did^ however^ exists particularly in the 
northwestern highlands, but none in that area carried the corbelled 
vault and, seemingly because of the difHcultj of working the bard 
volcanic rocks of the highlanda, none are of cut stone. The majority 
of sites therefore now consist of earth mounds that formerly supported 
temples of perishable materiaISp os at KaminaljuyTi; or of stone 
substructures and fragments of walls that time and weather have 
largely stripped of their original stucco facings as at Ulatlan and 
Zaculeu. For this reason Uicre has, untU recently;, been no ruin 
ihustrating the architectural achievements of the ancient people which 
Is easily accessible to the people of Guatemala and to tourists. Now^ 
however, through tlie interest of the United Fruit Company, Zaculeu, 
former capital of the Mam nation^ easily reached from Huehuetenango, 
has been excavated and many of its principal buildings restored. 

Although Guatemala highland ruins are, in their present slAt-e, un¬ 
spectacular, they contain materials of the greatest archeological im¬ 
portance because, far more than Pelcn^ the highlands were open to 
inlluencos from east and west as well os to actual incutslons of out¬ 
siders. V^aluablo oddonce can thus be gathered there, as was the 
ease at Kaminaljuyu, regarding tlio chronological and commercial 
relations between many ^fcsoameriean groups. 

In the highlands, no less than in Peten and other parts of Meso- 
america, a remarkable buret of cultural energy ushered in the Classic 
Period. Kaminaijuyu was in its prime. At Nehaj, at Chalebitan 
near Aguacatan, at Zaculeu, at Zacualpa, and elsewhere ore extensive 
assemblages of mounds dating from this era. It seems to have been 
a relatively peaceful time, for all the known large Classic sites except 
Zaculeu were located widiout reference to dcfenaibillty* Trade was 
brisk and far-reaching. Objects from central Mexico, tho Gulf 
ooaat, the Foten, and El Salvador have been found at Kaminaljnyu; 
and, at Kebaj, pottery from Paten and jades probably carved on the 
Usumacinta. 
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Even m thosi^ early inQuenc&s from Mexico Imd bognn to 

appear. It may oven be that there were actiml migrations from Uio 
north. At a later time movements of people from Mexico certainly 
look place. Evidence of this is found in such legendary accounts as 
the Popul Vulij in tbe presenca of groups of Naliua-speaking Pipil oq 
the coastj on the Alotaguap and in what is now' Baja Varapaz- It has 
been suggested that warlike .Mexicans may have been responsible for 
tho disturbed conditions and intertribal airife that occurred througliout 
the highlantb between the close of iho Classic Period and the coming 
of Alvarado. That such conditions existed is indicated by tho fact 
that sites of that periodp eudi as Utatlan, Chuitinannt on Lake 
Atjtlanp Ixirache, Cliutix Tiox near SacapiilaSr and many others in 
the Departments of Quiche and Huehuetenango w^ere situated with 
an obvious eye to protection from attack. Furtherniorop the Popul 
Vuli aud the Annals of the Cakchiquek are full of accounts of battles 
and sieges, 

T\Tiot was going on in Alta Vorapaz at this time is less undeistood. 
During the Classic Period that area received strong mHuence from the 
Lowland Maya* as is showm by the hcautiful pottery found there. As 
to events of the later prehistoric cm w^e know next to no thing. Queerly 
enough^ there seem to bo relatively few large nun groups in Alin 
Verapaz; but fdmofst no archeological work, eveu aurface reexatnais- 
sance^ has been done. 

Although our knowdedgo of the higldands b scantyp we are iu even 
worse case as regards the Pacific slope and coastal plain^ That 
wonderfully fertile strip of country' bctivcen the volcanic rampart and 
the ocean probably contains more ancient remains per square kibmoler 
than any other part of the Eepublic. Sitis* for the most part assem- 
blagcs of earth mounds—there scents to have been very UtLle stone 
construction at any period—are everywhere; ond^ oven more than the 
highlands, the coast w as easily accessible to influences and migrations 
from without. There Is evidence of a heavy population during Classic 
times^ but little is known of Clti$$io coastal culttircj save for a rather 
lato phase represented at Fiuca El Pnraiso, in the Chuva district. A 
littJo w'ork has also been done at El Baul^ where there occur most 
interesting sculptures, including a colossal stone head. Other sculp¬ 
tures^ some show'ing strong Merican traits, have been found at Santa 
Lucia Cotzumalhuapa. Elsewhere, carvings in Olmec stylo have come 
to light. I t 19 certain that a stock taking of coastal remains, foUowcd 
by excavations at sito which such a survey shows to be strategiep 
would yield a rich harvest of informatioD, not only as to Guatemalan 
pre-history but also upon problems of continent-wide importance. 


358 ANNUAL REPORT SlIITHSONUN INSTITUTION, 104R 

Eno«g^> has be<in said to make clear the vast ftrcheological areal th of 
Guatemala. Its autiquHlcs are a precious heritage from the past; 
thej abo constitute a vital chapter in the story of human civUUation, 
of man’s alow and painful conquest of natuie^of his unremitting strug- 
glo for a better and fuller life, a struggle which began with the Stone 
Ago and is still going on. 
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EXCAVATIONS AT THE PREHISTORIC ROCK-SHELTER OF 
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[WlthlphAml 

introduction 


The piimary objective of the Bspedition seat out in 1048 by tbo 
Peabody Museum of Harvard University to eastern France waa to 
attempt to date tho time when an Upper Paleolithic locality in the 
Southern Jura region waa occupied by our Stone Age ancestors. 
This problem, fundamental to the cstablislmient of a reliable chron¬ 
ology for the classic aequence of Old Stone Ago cultures in western 
Europe in terms of the advances atid retreats of the Alpln* glaciera 
(see chart, fig. 1), was approached by moans of combined archeological 
and geological field work. 

The dating of archeological deposits by means of geology is based 
on a detailed study of stratified lay eta of sand and gravel which were 
laid down by the action of riveis fiowing from the giaciatod regions. 
These aand and gravel deposits were built up into the form of terraces 
by the watcra which flowed from the glaciers. The latter pushed 
thousands of tons of debris—called moraines—ahead of them, and 
during the warm seasons of the year, when the ice was melting, there 
was an abundant supply of this material piled up at or near the edge 
of the ico that was available for transport by the rivers. The rivers 
in turn carried this material away, and deposited it in the base of the 
valleys, through which they were flowing, In the form of terraces. 

In order to find a locality where combmed archeolopcal and geolo¬ 
gical field work could bo expected to furnish fresh facts bearing on 
the problem of Upper Paleolithic chronology, it was not necessary 
to conduct an extensive program of reconnaissance. Just before 
the first World W’ar commenced, Dr. Lucien Mayot of the Univewity 
of Lyon and M, Jean Pissot of Poncin (Ain) partially atcavated the 
jiQ^h-shelter of La Colombii^reF* This site (pi. 1) la located 
in the Department of Ain, some 45 miles northeast of Lyon and near 
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thfl town of Pouciti, in the valley of the Ain River (see niap^ fig. 2). 
U is in this region that the river cmergM from the Jurosme limcatono 
foothills of the Southern Jura onto tho 0at, marshy plains area, 
known os tho Paya-d^Dombee. 
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NoWy os may be dearly observed in aoveral of the fine photographs 
published by Mayet and Pissotp the basal deposits in tlie La Colom- 
bifere roek-sheUer consist of riverJaid sands and gravels that form 
part of the 20- to 23-met^r terrace of the Ain (pi. 2), which has a 
wide distribution in the region. Presumably during the warm 
months of the year, tapper Faleolkbic hvmters moved into this section 
of the Ain Valley and actually camped on the surface of this terrace^ 
which more than half fills up the art^n protected by the overhanging 
rock at I^a Caloinbidre. They left behind various types of flint 
implements—knivesj points, scrapers, and engraving tools—as well 
aa scTeral ob|ect4 with drawings of animals engraved on them, and 
the bones of the game they hunted^ 

These vestiges of a Stone Age occupation are found in direct asso¬ 
ciation with extensive fire hearths in the uppermost levels of the 
terrace referred to above. In other words, the earliest habitation 
layers at this site, which consist of two gravd borizons (Di and Da in 
pL 2), are intimately and directly tietl in mth the final Etagcs of 
deposition by tha river. These so-called layers in turn were 
separated from the overlying Magdalcttiati horizon ^ (indicated as B 
on the section) by a thick deposit of stcrjls sand;, there having been 
no Solutrean occupation * * here. 

The two primary objectives of tha 1948 expedition of the Peabody 
Museum of Harvard Univeraity to eastern Franca^ therefore, were: 

(a) To excavate the rock-shelter of La Colombi&re, near the town 
of Poncin (Ain); and 

(A) To investigate the extensively developed I..ate Pleistocene 
terraces of the Ain Valley for the pui^joso of dating the main occupa¬ 
tion layer at La Colcmbi^re in temiB of the local glacial sequence. 

Both of these objectivas were successfully accomplished. 

This work was made financially possible by a Bubstanlial grant from 
the Viking Fund of New York for w^hieh wo are profoundly grateful. 
We would also like to take this opportunity of thanking the Com¬ 
mission of Historic Manuments, Ministry of National Education, 
Republic of France, which very generously gave its authorization for 
the c.xpcdition to undertake the excavation of La ColombiSre. This 
permission was granted to the writer under tha same conditions as 
those normally cetablished for French archeologists. 

WORK OF THE 194S SEASON 

The exeavationa at the rock^elter of La Colombifera were begun 
on June 10 and completed on August 20, 1043. In thk KLweek 
period the remaining archeological deposits at the aito wore completely 
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dug, with the exception of a icat section approximately 2 metere 
square Ht at the request of Dr. Franck Bourdier, Regional Director 
of Prehistoric Antiquities, and n small, apparently storilo area at the 
extreme eastern end of the shelter. 

The personnel of the cxpcdiBon was as follows: Dr. Kirk Bryan, 
Professor of Physiography, Harvard University; Dr. S. Sheldon 
Judson, Jr., Department of Geology, University of Wisconsin; Ixtuia 
Dupree, Harv ard University; Carlcton Pierpont, Harvard Univetaity; 
and the writer. Professor Bryan was assisted in the geologic field 
work by Dr. Judson, while the writer had Messrs. Dupree and Pier¬ 
pont as hifl assialanls during the digging of the site. 

The rock-sheUer of La Colombi^re is 4G meters long and some 12 
meters wide in the npprosJnilito center of the site below the maximum 
projection of the rock overhang. When we arrived there on the Stb 
of June 1048, not only vras tho place overgrown with small trera and 
shrubs, but also it was impossible to sec across it, owing to the presence 
of several enormous boulders and piles of earth. The former had 
fallen from the roof of the shelter during prehistoric times; the latter 
consisted of M. Pissot’s rather extensive dumps. 

"When the tedious work of clearing away this refiiso had been 
completed (pL 3, fig. 1), the limits of the areas previously excavated 
could be established. As the result of finding the edges of the trench 
dug ill 1912-13 in the eastern portion of the site, it was possible to 
identify accurately the various levels originally reported by Dr. 
Mayet and M. Pissot (compare pi 2). During the coume of these 
clearing operations. Dr. Judson successfully completed a detailed 
topographic map showing La Colombitre and the adjacent region. 

From the outset the chance that the roek-shclter had been occupied 
during the interval immediately preceding the deposition of the 20- 
to 23-motcf terrace (i, e., prior to the invasion of the si te by the ri\ er) 
was considered a good possibility. It was also believed likely that 
what appeared to bo the top of a fiUed-in lower cave (see pi. 3, fig. 1) 
might yield evidence of an earlier, and possibly even more interesting, 
occupation. But the hoped-for lower cavo foiled to niaterioliae, and 
there was no evidenco whatsoever of an occupation layer undcriying 
the deposits in question. 

Bedrock was finally reached at a depth of 11.So meters, and a 
magnificent section was exposed through the tightly packed and fine¬ 
grained terrace deposits, which consisted entirely of sands and silta, 
with a basal layer of coarse sand anti gravel (pi 3, 2, and pL 4, fig. 2). 

Throughout, a veiy interesting fauna, especially rich in small verto- 
brates and also eontmuing a few mollusks, was collected. 

Abundant soil samples were taken for analysis, and it is hoped that 
on the basis of these the presence of a miciofauna, os well os pollen 
(in the silty and clayey layers), will be domonslratcd. It is felt that 
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detailed studica of the fauna and the soU samples will yield interesting 
and important data on the environmental eonditinDa that prevailed 
in the region during the time when the La ColombiAre tairaee was 
being formed. 

While the deep central trench was being driYen through to the bed¬ 
rock at the archeological site, Professor Bryan and Dr. Jndson made 
an intensive study of the Late Pleistocene deposits of the Jura region 
in the vicinity of La Colombi&re. This work led to an extremely 
satisfactory and conTmcing tie-in of the 20- to 33-meter terrace of 
tho Ain with a series of weU-marked end-moralnea near Nantua, a 
town approximately 11 milea due northeast of Poncin. In order to 
accomplish this it was necessary to leave the Ain Valley at the town 
of Croiselet and follow the vailcy of the Oigain River southward to the 
Nantna Basin^ In this manner it was definitely established that the 
La Colombidre terrace was forn^cd at the time when the front of the 
glaciers was located near Nantna, This may certairilj be regarded 
as a late episode during Wilrm (Fourth Glacial) times, but on the basis 
of the present evidence it is impossible to be more preebo. 

As regards the Upper Aiirignacian occupation layers overlying the 
20- to 23-meter terrace of the Ain at La Colombi^re, it was not only 
possible to identify all tho levels reported by the original investigaters 
of tlie site (aeo pL 2)* but also to establish the intimate ami direct 
association of them vHth the uppermost portion of the thick deposits 
of river-laid sands and sUtB so clearly exposed in the main central 
trench* Very fine sections {pL 4, fig, 2) dearly showing this relation¬ 
ship were revealcKl in both the western and the eastern portions of 
the Site, In the latter sector the main occupation layer was for iho 
most part intact. Although rich Upper Aurignacian (Gravettian) 
deposits were reported by Mayet and Pissot in the former locus, almost 
DO archeological material was found therB during the course of the 
194S season. The deposits in tho eastern haJf of the rock-alidlor, 
howeverj proved to be very much richer. 

As previously stated, tho Magdalenian^ layer was completely 
removed during the 1912-13 season by Dr. Mayet and M* Pissotj 
nevertheless a small patch of gravels that had accuniulatod during 
Late Pleistocene times was found in tho base of a cleft in the rear 
wall of the eastern part of the site. In addition to a small collection 
of vertebra to remains, these gravels yielded tho broken pieco of an 
interesting broken bono object (pi. 5, fig, l)p which is possibly the 
perforated end of a so-calted ^*b4ton de command omen t,^^ In any 
casOp the geometric decoration—chevron pattern, crossed on one side 
by parallel hues—is typically Magdalcnian. The object, which is 
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2K incbcs (6*0 cm,) long, is broken at both sides of fl well-made hole, 
and it Is the only example of Magdalenisn art ever found at La 
Colombiflre* 

In the actual Upper Aurignacian occupation layer a typical assem¬ 
blage of flint tools, including several Gravotte points, was found at the 
extreme eastern end of the site. Furthermore, a large quantity of 
broken flints and animal bones was unearthed in the vicinity of a 
fairly extensive series of hearths that came to light in the cast-central 
portion of the site. In definite and direct association with this liearth 
complex an outstandingly fine art objcet“a very beautifully engraved 
pebble—was discovered (pi. 6, fig. 2). 

Of the five or six superimposed animals on each surface, the ex¬ 
tremely naturalistic horse, shown in tbo upper photo in plate 6, is the 
most easily recognizable. But there are also a second horse, a vciy 
finely drawn reindeer (witJi shed an tiers), an ibex, a woolly rhinoceros, 
two carnivores (possibly bear), as well as several as yet unidcnUfiod 
animals (pis. 6 and 7). It is conBidcrcd to bo one of the finest examplea 
of an Aurignaeian engraved object that has ever been found, and 
constitutes a find of great importance from the point of view of Upper 
Paleolithic art. Unfortunately it has been broken at one. end. It 
has been made a national anti(|ui(y by the French Government. For 
study purposes the Ministry of National Education of the Republic 
of France has graciously permitted the expedition to bring this singu¬ 
larly fine object to the Peabody Museum of Harvard University. 

TENTATIVE CONCLUSTOSS 

On the basis of the resulls achieved to date, it is possible to state 
that the earliest occupation of the rock-shelter of La Colombiiire 
was effected immediately following the deposition of tbo SO- to 23- 
meter terrace in the .^irt Valley, an event that occurred during Late 
Glacial times, when a tongue of tbo main Rhflne Valley glacier was 
stationary at a lino clearly marked by a series of end-moraines across 
the Nantua Basin. The first inhabitants of thia site were people 
who possessed a very typical Upper Aurignaeian (Gravcttiim) culture. 
At this time the river, which was incisiog itself into a flood plain on 
the present +20- to + 23-meter level, still occasionally flooded the 
site during seasons of high water. In terms of glacial chronology, 
thi^ was during the beginning of the retreat of the late Wflnn icc from 
the Nantua moraines. On this basis, La Colomhiire is the firat Upper 
Paleolithic occupation site in France to be geologically dated. 

At the time these Upper Aurignaeian hunters moved into the 
Jurassic limestone uplands of the Southern Jura, cold grassy steppe 
conditions prevailed in the Ain Valley. The region supported a rich 
grazing fauna which thrived in a climate characterized by fairly 
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warm summers^ severe wiiittrs probably with much snow+ and short 
spring and fall scasona; m other wrords, an anvironinont vci^ similar 
to that which exists today in the norLhern portion of Europe* 

Neither the relatively small series of flint implomonts recovered 
at La Colombi^re, nor the total number and thickness of the fire 
hearths^ in comparison with other Upper Paleolithic sites Ln western 
EnropCt suggests that this rock’-aheller was e ver pcrmanentlj occupied. 
FurthennorOj during the wet gmnroer of lfi48 it was found that the 
roof ^‘leaked" very badly^ This unplciisant feature^ coupled with the 
fact that during Late Pleistocene times weathered-ofT fragments of 
limestone must have been constantly falling from the top and sides 
of the shelterj would not have been an inducemeiit to settlers to 
occupy the place permancutly. On this basb, it is concluded that 
the site waa used only as a temporary campiiig place during the hunt¬ 
ing season^ 

Finally, why aro there so many auimals superimposed on the two 
surfaces of a single pebble that measures only 4% inches loiig^ 3ff 
mebes wide^ and 1% inches thick (12 x S.2 x 3.S cm,)7 In providing 
an answer to this question it seems difficult to avoid putting fonvard 
the snggestion thatp in tho eyes of the prehistoric occupants of La 
ColombicrOj this pebble was probably rege4*ded as a hunting talbman 
rather than an art objects For there are thousands of similaj water- 
w'om limestone pebbles atrew^n on the floor of the Ain Valley near La 
Colotnbiiro. Surelji if an Upper Anrignaciart artist ha<l simply 
weoitcd to reproduco in the form of an ouilino drawing one of the 
animals his group ivas hunting (i. c.j art for art's sake), it would be 
logical to expect him to select a new pebble with a fresh surface each 
time be desired to depict a new animaj. 

Thereforej it is probable that there w^as some definite reason for 
superimposing so many animals on a aingle pebble^ and on tins basis 
it is fdt that the only plausible explanation is to regard the object 
as having importance in connection with certain magico-religious rites 
performed in connection witli the chase. Thus we can imagine that 
the pebble was initJaUy engraved and used in a hunting ceremony. 
Since that particular bunt was successful^ the pebble was reengraved 
and used on subsequent oceasiona for the same purpose. It possessed 
magical qualities^ or It is therefore tentatively concluded 

that the primary significance of this very firto object, from the point 
of view of the people who actually lived at La Colombiero during the 
closing phases of the Ice Age. was not the beautiful engravings so 
carefully executed on its surfaces^ but the fact that it was the medium 
by which it wm possible to commune directly with the spirits of the 
animal world for the purpose of successfully replernghing the oU-im- 
portant food supply. 
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Pm,tk 1 

General vfew of the rwsk^^helter of Ln Colomhiire ahowinn the Plcistoceno 
terrPttH of the Ain Valiev Ui the vicinity of Poncin. The ail*, which a 43 meters 
long and ioma 12 mete^a wldfi. faces duo Math and dirtctly overtook^ the Ain 
Rlvcr^ 

PUkTE 2 

L$. photogTftpii taken by Dr- ayot aod Pissot In April 

1913 , tbe- itratification nav^akd in a trencli dug In the weftteni eud of the 


Bile. 


Vl^TUZ 


1, The site looking eaatt showing the undisturbed Aurfaee of the depoeiis after 
cleariag. In the left foregfound what appeared to 1 ms the top of a fiSled-Jn lower 

cave may be noted, * . +_» 

2 A deep trench, the outer or southeni tifilf of which wsa 2 metera wide, waa 

d«e through iho river-laid temwe dnposito at U-Colomliirc to Untormina whether 
or not the ofte bad been occupied prior to ite hu-asioe by tho n ver m 1 cist^ 
oene liines. Note the raila and trucks, used for temoviiig the eicavated material, 

Id the foreground. 

Plate 4 

I. Near the tear wall of the rock-aholtor the width of the main was 

espanded to 4 metert- Bedrock wm finally mached l*low a to^ 

IIW roetera of rivordaid sands, silts, and gravels, of which tho Bo-«dlad Im 
Golombiire temwe was formed. Theto was tm ovideaso of an early occupatloi. 

“^^sSuon near the western end of La Colombilre showing the Intimate and 

rtTAirmver invaded the site during the late stages of the formation ol the 20- 

to 23-niet«r terrace. 

PULTB 5 

1. Broken Magdalenian bone object perforated at otm end and decomted with 

chevron pMtom crosso^ an one sidef by imraUel linea. ■ ^ 

2. The interesting engra?e<l pebble dewribed in the 

foiled in the main (Upper Aurignacian/firavettlac) oecupafon layer at La 
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ColombRre in dJr^t sG^oclatlob with m eiteuisivo hearth {diameter! 2 m.; tbich- 
ness: 40 on tbe surface of which the motet aeale ii resting, &s shown in the 
photograph. 

Plate 6 

The benuLlfuliy ongrared pebble dijeavered during tbe 191S seaaou En the 
Upper Atirtgnacian occupation layor at La Colooibi^^ near Ponciu (Ain). 

f/ppHPr: The obv^erfie surface of the pebble showing a V‘ery realiatic horse, which 
IE by far tbe most easily reedignixable of any of tbe eugraviugg on either face. 
In addition, there Is an extremely finely drawn male reindeer (with shed autlm), 
an ibex, and two carnivoroa {possibly bear)^ The heads of the two former animald 
appear upside down on the right of the photograph. At least two other as yet 
unidentified ungulates may also be distinguished. 

ZrOEMf: The reverse surface of the pebble on which a second horse and au out¬ 
standingly fine woolly rhiuoeoroe arc depictodi Them arc also the heads of two 
other partially completed rhitiocerosesp and the outline of the body and legs oE 
what appears to be a oervid of some type. 

Plate 7 

Outline drawings of soma of the most eaaily distinguished anlmali engrsYed 
on ths inleresling pebble found at the La Colombi&rB rook-alielter in an Upper 
Aurignaeian context. Nos. 1-4, upper aurfaeo! Koa+ 5 and 0^ lower aurfaoc. 
On the biwis of the exceedingly skiilful and very realistic portrayal of the forms 
represented, it la at once apparent that the drawings reproduced come from the 
hands of men who knew their models intimately at first hand. In particular^ the 
ongravingA of the horse (No. 11 and tbe woolly rhinoceros (No. 6) are bo remarkably 
alive that there is no mistaking the aubjeeta. Note that ail four tegs are shown 
in the casa of Nos. 1, 2+ and 6, and that the hair ou tbe neck, forelegs, end 
ahnulders ol tbe rhinoeeros has been cleverly arranged so as to suggest shading- 

?iouaE 1 

Prehistoric archeology deals with the immense span of tijno betw'een the first 
appeamnee of man and the begintiliagB of written record—a period of perhaps some 
1,000,000 years* duration. As Indicated on this chart, which shows the relative 
dnretion of prohi^toiio time, during approximately 49/501 hs of this period man 
waa in the Old Stone AgCj or raleolithic and McsnHthic stages, of cultnrtl 
development. These stages cover the entire Fleiatoceue or Glacial Epoch, aa wdl 
aa much of Early Poat-GlaciaL or ReucJit iimcSv During the Pleigtooone the 
northern regions and mountainous areas of the globe were subjected four timci 
to the advanccc and retreats of the ice ^ects (those of the Alps are known as 
Gllnzj Mindclp Hiss, and WflirTii)| river vahoys end temcee were being formed^ 
and profound changes were being induced Ln the fauna and flora of the Earthh 

Throughout the ciiUre span of the Old Stone Ago (including both the PsJoo- 
lithic and the Sltsolithio periods) man was a food-gatherer depending for hieffub- 
sistenoe on hunting wild antmala and birds, fishing, and Collecting wild fruits, 
nuts, and berriea. On tho basis of tholfovldencefotjtainedlto^datc, particularly 
that from western EuropCj it is posiiible to recognise fftree main groups of funda¬ 
mental trod I lions employed by our Stone Age ancrstora in mAnufacturing their 
Btono implements. These Bubdivi>i]Das arc as follows; (a) eoro tool traditions, 
(b) flake tool tmditlone, and (c) blade tool traditions. Tim industry found In 
1948 at the rock-aheltcr of La Colombitrc by the Feabody Museum of Harvard 
University'e expedition to castem Prance belongs in *ho h^adt hd category ; typa- 
logically it appear* to have ricae affinities with what Is known m the Grnvettten 
stage in the Upper Paleolithic sequence of western Europe. 
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Bt CotaHAKDEH Fink Roske, U. S. N. R, 


phtdl 


My interest in polar cstploration dates from 1909, when my fatlicr, 
Martin Ronne, was selected to accompany Capt. Roald ^Vmunilsen 
to the Mtarctic, on tho memorable expedition on which the South 
Polo was first reached. That association contitiued until the great 
explorcr’a untimely death, after which my fatlier went with A^irftl 
Byrd on his First Antarctic Expedition, 1928-^0. During all this 
time I had closely followed the detailed work involved in the planmng 
and successful execution of polar expeditions. Martin Eonno died 
suddenly in Norway in 1932, in Ids soventy-firet year. On Byrd s 
Second Antarctic Expedition, 1033-35, I had the good fortune to 
follow in my father's stops in the capacity oI ski expert. 

Upon my return to the United States in 1935,1 began to plan for a 
small Antarctic expedition of my own, on whidr wc woidd sledge and 
map the coast line from the Palmer Peninsula to the Ross Sea area. 
I planned to be set ashore, with four mea and sufTicient d^ power, 
in the Charcot Island area by a Norw^an w'haler and to be picked 
upby the whaler several monthslaterontheBossSeasido. However, 
an independent expedition did not prove possible at the time, and my 
modest plans eventually were merged into the United States Antarctic 
Service Expedition,* on which 1 acted as seoond-m-twmmand of tho 
east base, on Stonington Island, in Marguerite Bay, Palmer Land. 

EXPEDITION PLANS 


Iq May 1941,1 obtained a commission in tbo United States Navy, 
in which I served until the end of hostilities. Off and on in my spars 
time I began formulating plans for an expedition ^ the old ba^ of 
the Umted States Antarctic Service Expedition on Stonington Island, 
a location I considered weU suited to geographical exploration, since 
within flying raogo lay Uie unexplored 

perhaps the termination of the mountain axis of tbo Palmer Peninsula. 
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I also plfLoned to tany on an exteDsive scieotiSc program of at least 
a year's duration with a small group of competent men. To eliminate 
the necessity of sending the expedition ship back to civilizationj I de¬ 
cided to let it freeze in at a small oore close to the base; tlie expedition 
members themselves would it, Througli Congressional action 
I was able to obtain from the Navy Departmentp on a loan basis, a 
sturdily constructed ocean-going wooden tug (pi. 1, Jig+ 1)> From 
the Army ^iir Forces^ Office of Kesearch and Development^ many 
articles of equipment were obtained for testing, including three air¬ 
planes, two snowmobiles Vessels”), oan^ping equipment, and numer¬ 
ous types of clotbiug. 

Only those who have liad the expcricnco of planning and organizing 
an expedition can fully appreciate the enormous amount of work in- 
volvcdj especially in the matter of financial backing. I contacted 
many scientific otganizatlons and foundations interested in Antarctic 
research, but with few concrete results. Under tho auspjc(^ extended 
by die American Geographical Society of New York, and by selling 
the exclusive rights of the expedition to the North American 
Newspaper Alliance* Inc,* and wiih a few subscriptions from interested 
friends and a contract with the Office of Naval Research for the 
scientific results to be obtained, I was finaDy able to get the expedition 
under iiva3’* It w^as not before December 8* 1946* however* that I 
was definitely assured of the miminnm required finandnJ support. 
Through continuous hard work day and night, and spurred on by a 
strong dctcttiiinatiori to sail* w*i> were td dm a tely able to assemble the 
thousands of needed articles of equipment essential for a polar 
expedition. 

under way 

On the afternoon of January 25, 1047, we threw the mooring lines 
off our shipp christened Ttt£. Puri Beanm^ni^ Jfeam. The road had 
been long and rough, and many obsiadea lay aliead* but we were on 
our way at last. Brief stop-overs were made at Balboa^ C. 2., and 
Valparaiso and Punta Arenas* Chile. To avoid the tlangerous roaring 
forties witli our topside weight, which included 3 airplanes* 112 drums 
of gasoline and lubricating oil, and 43 uortherii sledge dogs* wc sailed 
in the sheltered waters of Bouihem Chilo^s inland passage. On board 
ship much work was done to the three airplanes* particularly the 
Beechcraft 0-45 exploratory plane* in which a complete electrically 
operated trimelrogon camera unit was installed* and also a radio 
altimeter and extra transmittern and receivers for lopg-rarige commuii- 
ieation. Two additional gas tanks were placed in the fuselagei eo 
that the plane now had a maximum cruising time of 0 hours. 

ChiT passage between Capo Horn and Marguerite Bay was fortu¬ 
nately very amooth, and we encountered only a relatively emaU amount 
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FiouSK 1,—Gtnertl m*p illuatrftting the principal cJtploratlcne of the Ronne 
AittAretic Receaich Eipedition. 












372 ANmrAL REIPOET SMtTHSONlAK iNSTmiTION, 1049 

of pack ice and bergs. We anchored off our main base in Stonington 
Island on March 12^ 1947 (pL fEg. 1)* Shortly before my depar¬ 
ture from the United States^ 1 had learned through the Department of 
State thatj 2 years before^ the Bntish Government had established 
a pennanent base on the island in continiianca of a program begun 
in 1943 under wartime socnecy. It bad also established and wa$ 
maintaining other bases on the Palmer Peninsula. Great Britain^ 
through the Falkland Islands^ has long laid daim to this sector of 
Antarctica, and these five bases were under the administration of the 
Falldand Islands Dependencies Survey. Howererj it has been the 
policy of the United States not to recognize the claim of any govem- 
ment in the jlntaretic^ nor haa the United States Government made 
any claims of its own, 

I had knowledge that in the G years since the departure of tho United 
States iintarctic Serdeo Expedition in 1941 ships from several other 
countries had vUited the American camp site. In 1943 the Argentine 
gunboat Pnmera de M<xyo had visited the American base, and an 
Argentine ship and two Chilean vessels had been there shortly before 
we arrived in 1947. Upon our arrival \^q were greeted by the British 
leader, Maj. K, S. Pierce Butler, commander of the Falkland Islands 
Dependencies Survey^ 1&47H18, and later wo became acquainted 
with the other 10 men, who were occupying their own quarters 
constructed about 200 yards from tho American camp site. As I 
invoatigfltcd, I was appalled at tho amount of wanton damage that 
had been done to the three largo and three small buildings constitut¬ 
ing the American base, lifter much bard work tlio base was made 
livable again and occupied by our e.xpedition (pi, 1, fig. 2). 

GBORGE VI SOUND TRIP 

I decided to attempt to establish an operational base at the south¬ 
east comer of George Yl Sound, 300 mUes to the south, before we 
anchored the ship in its final position for tJio winter freeze-in. I 
hoped to be able to set up a cache of gosolinei storesp and one of our 
two weasels at this halfway point and thus facilitate the transporta¬ 
tion of such heavy equipment into tho field at a later date. The 
attempt did not prove sticcesaful, and wo later abandoned this loca¬ 
tion in favor of Cape Keeler, on the Weddell Coa^t. However, the 
ioumey did reveal $ome new features. 

At 5 a. m- on March 23, after riding out a number of atrong south¬ 
easterly gales with velocities of as much as GO miles on bourp w'e hoisted 
anchor and steamed south along the Falliires Coast, past Gape 
Berteaux, to the ontrance of George VI Sound. A gioup of islandsp 
which I named the Bugge Islands, w^ere found in approximately 
09® 10^ S.p 08*55"^ W, Three large islands, tho largest about a mile 
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and tt half long, Btrotdied for some 5 miles in & northeasterly direction. 
Numerous small islands were 15 to 20 feet high, and most of them 
were bare. The larger islands, however, were covered with snowcaps 
more than a hundred feet high, though bedrock was asposed at the 
water's edge. 

Thanks to the skillful piloting of our skipper. Commander Isaac 
Schlosabach, U. S. N. (ret,), who was also second-'m^sim^nd of tho 
expedUion, the %'e 9 sel moved steadily among the huge shelf ice and 
glacier-formed bergs that blocked the entrance to the sound. At 
4 o’clock in the afternoon we reached 69“20^ S., our farthest point, 
a new record for ships navigating in this region of the Antarctic. 
To make a landing anvwhore waa virtually impossible. I was unable 
to see the 150-foot ica wall which marks the entrance to die sound and 
over which I had traveled in 1940, but it wna obvioua that these 
tabular bergs had lecenUy broken off from the shelf ice of the sound 
itself® (Oar plane fliglits seTeral months lator revealed that, the 
shelf edge was discharging bergs such aa those among which we were 
DOW sailing and that the face of the shelf had moved back ,15 miles 
in 7 years.) Not only did the conditions ahead offer all immediate 
danger to our only means of transportation back to the civilized world, 
but had we continued to search for a suitable lauding place farther 
south, a sudden change in tbo weather so late m the se^n might 
have blown these huge bergs in upon us and blocked e.xit for another 
year, The risk was too great, bo I gave ordem to return to the open 

^^O^frsWpwM moored in Back Bay. a txive a third of a mile ftem the 
base As tempcralnres fell during the first week of May, it bec^e 
safely frozen in the bay ice, and it remained so until 
of the following year partly released it from tbe icy gnp (pb Jig. 2). 

WINTER PREPARATION AND TRAIL PLANS 

The winter passed rapidly, and an immense amount of prcparaioiy 
work had been accomplished by the lime wc were ready to stwt 
field program. On July 15, t led a sledge party up to tbo plateau, 
6 OOO^feet high, IT mUes cast of our base to establ^h a met^roIogiMl 
station. This station was manned and opemted during the cn ire 
fiAnr^eason and. in conjunction with a ^er estebbshed at 

Cape Keeler, 125 miles to tbe soutb of the Wedd^ Sea side, made 
it ^ssiblo for H. C. Peterson, our mcieorologist, to forecast the highly 

vninable weather with good accuracy. . , , , ,.i u-.. 

By August all three planes had been unloaded from the shp, 
J^bl^and made ready. I intended to use the smgle-engiiie, 

• Room, Vlnfl. 'Tbe nwtn ftoO' *“"< 
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050'borsepowcr Norseman plane, which had been especially desigoed 
for cold-weather work;, for flying gasoline caches to Tarious points 
along the Weddell Coast. VVeeks of continuona overcast, howevTr, 
prevented ns from compleling this progra^m. In November^ by the 
time the weather had improved sufficiently for tho southern explora* 
toiy JiightSf wo had deposited 23 drums of high-octane gasoline at the 
Capo Keeler Advance Baso^ 

During the winter Major Butler and I bad decided to cooperate in a 
surface field program. A joint British-American Weddell Coast sledge 
party consisting of four men^ Major Butler and surveyor Douglas 
Mason of ihe F, I. D. and two members of my expedition^ Walter 
Smilhj navigatorj and Arthur Owen^ dog driver^ wore to cross tlie 
plateau by dog team to the eastern aide of tho Palmer Peninsula. 
They would sledge south along the Weddell Coast to Cape Knowles, 
beyond w^hich the territory w^oa virgin so far as surface travel was 
concerned, though the United Stat-es Antarctic Service Expedition had 
made an exploratory flight ns far south as Mount Tricom* A^Tien the 
surface party reached Mount Tricomp the two Americans, now' forming 
the Bonne Weddell Coast party, would continue southward into the 
unknown as far as supplies would permit, in order to establish ground 
control points for our aerial ompping^ So long a sledge trip without 
the aid of supporting dog-team parties would be possible because our 
Norseman plane was to deposit several caches of man and dog food 
along the route of travel (fig. 2). 

RESCUE OF BRITISH AIRMEJST 

As a first step the small British Aueter plane took off for Capo 
Keeler on September 15, followed by the larger Norseman plane loaded 
with 3,000 x>ound^ of trail supplies. The smaller plane was to make 
the initial landing in the field and pick out a suitable landing area for 
the heavily loaded Korsman. The Auster did not have adequate 
radio communication and in flight unfortunately became separated 
from the other plane. When the Norseman did not sight the Auater 
at the Cape Keeler rendezvous, a search was made, but darkness and 
bad weather were approaching, and Capt. James Wp Lassiter had to 
turn back. By 10 o^clock that evening a storm had set in, and the 
British plane was still missing and uoreportedp Accordingly, 1 made 
all the facihUes of my c.Kpedition available to Major Butler for his use 
in searching for the inissiog plane. Captain Lassiter and Lt. Char lea 
J+ Adams made mimeroua unsucceEsful searching flights in the over¬ 
cast weather during the next 3 days. On the ninth day, when hope 
was dwindling rapidly, Captain Lassiter located tlie three lost British¬ 
ers walking back on the aea ice 40 miles south of our base. Wo learned 
that they had actually lauded at Cape Keeler cm tlio day of the out¬ 
ward flight andp when they were not sighted by the Noreeman, had 
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PLATE I 



THE "PORT OF BEALTMOWT, TEXAS." *T ANCHOR OFF THE MAIN BABE. STON- 
THE PORT OF ISUMND. march la. 
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Plate 2 
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Plate 4 




-2-. COHMAN-D^R lft<5HN^, W, R. LATADY^ AI^D CAPT^ iLAS^ITER BESIDE THE C-45 
After the Lokd Southern flishts 
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PLATE 9 



VIEW or ^SE AHO NE^JV FJORD FROM lO.OOC^ FEET 
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attempted to return to their base, lost their way in the bad weather, 
and crash-Iandeil on the sea ice in Marguerite Bay. The tliree men 
were uninjured hut were extremoly weak from a diet of only ftSO 
calories a day each. 

^’lELD PKOGHAil BEGINS 

Bad overcast weather continued. On September 20 a short break 
permitted Lassiter to fly Walter Smith and C. 0. Fisfce to Capo Keeler 
to establish our second weather station and advance base (pL 6, 
fig. 2). 

On September 2S the geological party, (consisting of Dr. Robert L. 
Nichols and Robert H. T. Dodson, departed for George VI Sound and 

Alexander I Island area. On October 9 the Joint British-American 
^ et ell Coast sledge party left the main baso for llieir long southern 
journey, with Smith joining them at Keeler operational base. 

During October the weather continued to be unsuitable for flying, 
though TOcasional breaks of a few* hours enabled the two pilots to 
make quick gasoline-hauling trips to Gape Keeler, Often they had to 
romam there for days at a time because the rapidly deteriorating 
weaker at the main base made the return trip impossible. Finally, 

on ovember 4, I flew over to tfac Cape Keeler base with Captain 
Lassiter as pilot. 


existence op islands off Cape keeler disproved 

On the morning of November 7, with Lieutenant Adams as pilot, 
I took off in tbo L-5 airplane on a short exploratoiy flight eastward 

flight from Docoption Island along 
e WmcIcII Coast in 1928, Sir Hubert tiVilkins reported the appear- 
^eo of islands due east of Cape Kwlor. On a flight from the United 
S>taU>8 Anarctic Service east baae in 1940, 1 also had the Impression of 
scemg islands through clouds in this same genera] area. We now 
How duo east from Cape Keeler for 109 miles, to the edge of the Larsen 
6heJ/Ice, ^th its sheer cliff disappearing into the blue water. The 
^ was flbaiJt 2 m|l^, and hevond it^ since 

visibility was perfect, we could ace at least a hundred miles of heavy 
pack ice covemig Uio Weddell Sea to the horizon. At the barrier edge 
wo turned due south and followed the tee cliff until wo sighted Cape 
Liel^n. At the ac>uth end of Hearst Island the barrier became lower 
ant jomed the sea ice without break. At no time during onr 3K~hour 
flight did wo see signs of the reported islanda. This flight, coupled 
^th my obseiwfttions of the cloud formations while wo laid over at 
me Capo Keeler base, convincod me that on certain days clouds are 
formed over the open water to the oast in such a way that they at 
tiniea give the appearance of mountainoua iaJands. 
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activities at the advance base 

By tills time tlie complement of Uig Capo Keeler base had Increased 
to eight men: the two permanent residenta, Fiske and E, A. Wood, 
and the six in the aviation group—Lassiter, Adams, William K. Latady, 
Commander Schlossbach, James B. Robertson, and tnyselfn The tents 
had originally been pitched on the surface, but heavy drifts soon 
snowed them' over. A series of interconaccting tunnels were dug to 
fscilitate our life underground. 

On their wav south the four men of the Joint BiiLish'-American 
Weddell Coast sledga party stayed at Cape Keeler for 2 days to rest 
their dogs. In 2 weeks they had sledged ISOmilesovcriheplateau, 

The heavy overcast weather still continued. It seemed as if we 
should be marooned forever in tliis "hellhole" of the Antarctic. Our 
camp was just 3 miles north of Cape Keeler, first sighted by Sir Hubert 
Wilkins in 1928 on bis flight aouthward. The shelf ice extending 
seaward from the capo, on which our base was located, had an eleva¬ 
tion of about 65 feet above sea level. To the south of the cepe, heavy 
pressure areas caused by moving gla^eis flowing eastward from the 
high plateau extended 5 miles seaward. On my flight eostward on 
November 7,1 had observed a number of lenticular holes in the shelf 
ice and a deep trough running seaward in an east-northeasterly 
direction. The elevation of the bottom of this trough was close to 
sea level, tbougb no sea leads could be seen in it. 

On November 20, Adams, who bad just flown over from the mam 
base, considercil that the weather was good enough for the laying of a 
much-needed cache for the south war d-traveling sledge party. Pilot¬ 
ing the L-5, he flow ahead to pick out a landing field for iJi^itcr, who 
piloted the larger Noraemon, heavily loaded with supplies. Mter 
Adams passed Cape Eielson, be could easily identify several of the 
islands shown on the United States Hydrographic Office charts. 
They were all snow-covered except the one chart^ as Sharboimeau 
Ialaitd+ A closer inveatigation disclosed that this extremely^ 
rock outcrop was actually a capcp being coun-ectod with tbe mam an 
by a high snow-covered ridge. Following the map closely, Adams 
continued south and began searchmg for Darlington Island. “ ^1^ 
proved to be a cape. At the same time, bo discovered that Hilton 
Bay was at least 20 miles deeper than bad previously been thought. 
Gruening Glacier flows eastward into it from tbs high plateau; to the 
south a now glacier was seen, which I named Tejas Glaciw. e 
sledge party was located at Cape Knowles, and supplies were deposit^ 
for their use on the return journey. In overcast weather tbs pdots 
brought the planes in for a safe landing at the advance base. 
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FIRST LOKG SOUTHERN FLIGHT 

On NoTcmber 21 rift« begian appear in the nvcrcaat to the ^utb- 
eaatp and by 9 a. m. we were delighted with a cloudless sky. Weather 
reports radioed from the main hm^t the plateau weatherstation, and 
the sledge party, now 200 ntilca to the south of us, indicated that this 
was a perfect day for a long southern flight. The twin-engine, 
trimetrogon-cquipped Bcechcraftp Ed Sweeney^ and the ainglc-ongina, 
cargo-carrying Norseman, Nanat had been ready for many days. 
By 9:20 a. m. the Norseman, with Adams as pilot and Schlossbach as 
copilot, was heading south, carrying five tlrunis of gasoline as cargo. 
The heavily oveiloaded plane required a long run to get off the well- 
packed surface. Joyously I watched it head south with its precious 
cargo for the rendezvous in the Mount Tricorn area. Our attention 
was now turned to the Beechcraft. 

The surface temperature was —15® F. As the engmes of the Beech- 
craft were being warmed up, tho fuel pressure liuea from the car- 
burelora to the inetrunicnts on tho dashboard were found to he frozen 
sobd. Robertson was able, however, to fix them without much delay, 
and with Lassiter as pilot, Latady os aerial photographer, and myself 
os navigator tho faster Bccchcraft took off from Cape Keelerp an hour 
and a half after the Norseman. 

The visibility was perfect. Seaward I could see a 20-niile-wide 
atrip of aea icc attached to the land, then a stretch of open water, 
and beyend that a belt of heavy pack ice which extended to the 
horizon* Mount Thompson, 5,600 feet high, was sighted close to 
Cape Eiclson. To tlie west of our flight track, in the center of the 
Palmer Peninsula plateau, I saw several high, weU-defined mountains 
south of the previously discovered Mount Andrew Jackson. These 
new mountains I named Mount RuBsell Owen, the Vincent Gutenko 
Mountains, and Mmmt Coman. They rose high above the plateau, 
and I estimated their heights to he more than 10,000 feet* Continuous 
radio contact was mamtaiiied between tho two planes. Our rendcij- 
vous was 3,000 feet above ilount Tricorn at the head of Wright 
Inlet (pl^ 7, fig+ 1). The Norseman reached there after a flight of 
3 hours and 15 minutes; the Beachersft took only 2 hours and 30 
minutes. We hacl no difficulty in spotting the Norseman, and together 
the two pianos flew south along the coast line at 4,000 feet (pL 
fig. 1). In a few minutes tvo were 15 miles south of Mount Tricorn. 
Beneath us lay a snowy Inlet, extending about 10 miles in a south¬ 
westerly dtreciion, with rock exposutos at the head. This inlet, 
which 1 named Keller Inlet, could not be seen until we were directly 
over it. About 30 miles south of Mount Tricorn was another inlet, 
which, upon examination., proved to be Nantucket Inlet (map, 
fig- 2). Its northernmost headland 1 named Cape Fiske, its southern^ 
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most Cape Smitty, and tifo glaciers flowing into the inlet from the 
west Johnston Glacier and Kelsey Glacier- These glaciers showed 
only a TCry few’ crevasses where they met the inlet. Incasctl on both 
sides by mountains, they appeared hko smooth, wide thoroughfares 
leading to the elevated land to the west. 

About 50 miles south of Mount Tricorn w’e suddenly came upon a 
large bay, some 5S miles deep and 25 miles wide, Gardner Bay (map, 
fig, 2). Almost in the center, and connected with the head by a low- 
lying peninsula, was a striking suow-oovered dome mountain with 
rock outcrops on the aides. Mount Austin (map, fig. 2). Three 
glaciers flowed into the bay from the high mountainous land to the 
west. Those coming in from the north I named IiA'ine end Wetmoro 
Glaciers, and the one on the south side Ketchum Glacier. Eetchum 
Glacier was heavily crovassed. It wa» about 5 miles wide where it 
entered the bav, end it was joined by a tributary glacier from the 
southeast. The headland on the north side of the entrance to Gardner 
Bay I named Cape Adams, and the headland on the south side Cape 
Scblossbach. Rock outcropped on the cast and aouth sides of Cape 
Aitamg and on the cast side of Cape Scblossbach, 1 wenty-five milw 
to the northwest of Mount AustUt was another tiiountaiu, its black, 
vertical cliflf facing east. Mount Robertson. 

LANDINQ IN THE FIELD 


I decided to land both planes next to Mount Austin (3,200 feet), 
since it w’as easily recognizable from the afr and could serve excellently 
as a flight stand-by base. Also. Adams had just reported from Lho 
Norseman that half the gasoline supply in his fiisclago tanks had been 
used and the remainder would be needed for tlm return flight to Cape 
Keeler. Both pianos came lu for a landing leas than 3 miles away from 
tho sloping mountainside. The surface was so smooth a^ soft that 
we could not tell tho exact moment when the skis touched. Once on tho 
ground, 1 begfti^ making calculations. From the speed of our plane a nd 
tho length of time the flight had taken, it was immediately evident that 
Mount Tricorn bad not been correctly located on tho maps accordmg 
to my rough calculations, it was about 50 mite farlhcr to the north. 

While Um men were fueling Ibe Beccbciaft, 1 took sights with a 
bubble sextant to determine our exact locution. Upou our return 
hours later, I took another series of sights, which ^vo me An accurate 
fix and establiahed our plane base at Mount Aust^ as being m i 4 48 
S., 62‘’50' W. Our position pioved that Mount rnoom 55 miles 
farther northwest than had previously been thought, and it re e 
another interesting fact. Southward from Cape ^ _ 

S., the entire coast lino was about 30 mdes farther to the west than it 
had previously been plotted, and Hs configuration was considcrablj 

diflerent. 
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We were now 250 tnil^ farther south on the Weddell Coa^t than any 
human foot had over trod before. The Beeehcraft'e altimeter indi¬ 
cated the elevation to be SOO feet above levoL IThen 2fi drums of 
gasohne had been trausferred from the Noraotnan^s cargo into the 
Boechoraft's wing tanks^ we were ready to take oil on the long flight. 
The time was 4:10 p. m^ Adams and Schlossbacbi ^iLh the Norseman 
plane and a trail radio^ were left to stand hy as an additional safety 
and emergency precaution, 

UNEXPECTED TREND OF COAiST LIKE 

As wo headed for Cape Schlosabachi we started to climb Lo 10*000 
foot, so that the trimetrogon cameras could photograph the Lorram 
from one horisMin to the othor. Visibility was unlimited as we passed 
the cape and headed due south to follow the trend of the mountainous 
coast Line. A huge ice barrier could be seen dlaappeanng over the 
horizon in a southeasterly direction. To the north of the barrier open 
water extended for 20 mdrs^ and beyond was loose pack ice* Shortly 
after wo rounded Cape Schlossbach* an island w^as sighted some 5 
miles from the mainland, completely snow-covered except on its south¬ 
west side; Dodson Island ta about 12 miles in length and half as much 
in width. It wus the southernmost island that wo discovered. The 
opposite coast I called OrvjJJe Escarpment. 

Unexpectedly the mountainous coast hne turned westw'ard until its 
trend became 24S^ true* To the Hghtp numerous mountains of various 
heights come into view^ As w^o continued southwestward, the moun¬ 
tains were spaced farther apart. More readily deflnablc groups t4x^k 
form, sharply etched against a cloudless background of w'hite^ The 
height of the land beneath us seemed to be gradually inercasingp Anri 
at the same time tlie height of the rock exposures was gradually 
decreaaingi until at our southerpmost point only a gradually rising 
snow-covered plateau was seen. 1 named the mountains and groups 
of mountains as discovered: Sweeney Aiountams with Mount Edward 
in the center* Scaife Alountains, Wilkins l^lountains (map* fig. 2)p 
Latadj Mountains^ Lowell Thomas MoutstainB, Alount Home* Mount 
Brundago* and Mount Hassage, Mount Haag* estimated to be 11 pOOO 
feet high, vras the last newly discovered mountain peak seen; beyond 
it* in the thRtauce* Mount Ulmer* discovered by Lincoln Ellsworth 
in 1935, loomed above the horizon* 

Our flight so far had proved that the mountain axis of the Palmer 
Peninsula gradually swings southw^estward to 77^30^ S.* 72® W., where 
it dies out or metres Into a higher plateau that stretches southward as 
Joerg Plateau. The elevation of this plateau was found to be approxi- 
mately 5,000 feet* and it stretched to the limit of our visibihty* which 
at our lOpOOfl-^foot altitude 1 estimated to be at least 160 miles. This 
meant that wt actually saw the terrain os far as Si® S* It is my 
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opinion that tliia plateau gradually rises until it connecte with the 
South Polar Plateau or terminatea in a range which might ho a con¬ 
tinuation of the Queen Afatid Hango, to the south of the Ross Shelf Ice. 
This was the firat of two major discoveries that together seem to 
eliminate the possibility of any coniiection between the Ross Sea and 


the Weddell Sea. 


RETURN FLIGHT 


Aq we turned to head back to Mount Austin, Latady dropped the 
American flag in the name of the United States. Our flight back paral- 
leled the outward course 20 miles to the west, and an overlapping set 
of continuous photographs was taken. 

\Mien wc were within 30 miles of Mount Austin, we turned southeast 
to follow the ice barrier. An altitude of more than 10,000 feet was 
maintained throughout the flight (pi. 6, fig. 1). About 50 miles 
from Cape Adams, 5 miles inland from the edge of the shelf ice, we 
passed over a highly cxevassed area, 100 feet m width, which extended 
parallel to the edge for a distance of 30 miles. The aoothwn side we 
later found to be 200 feet higher than the outer side. Similar dia* 
turbances were sighted farther mland. When w*o had reached 
approximately 77“ S., 50“ W., Ussiter informed me that the gasoline 
supply was getting low and that he felt we should return to our 
stand-by base (pi. 6, fig. 2). As we turned bock, 1 noticed that the 
shelf ice seemed to continue on in the same southeasterly direction. 
There was much open water near the edge, and loose pack ice farther 
out. It seemed to me that a vessel could easily penetrate as far as the 
shelf ice itself if conditions were no worse to the north. iVe sighted 
Mount Austin without difficulty and landed eloogside Adams and 
Schlossbach 6S hours after taking off. Sun and moon sights were 
taken to fix our position. 

I realized then that another flight would be necessary to detertninB 
the extension of the shelf ke to the east and its connection with Coats 
Land, as explored by the German Filchner expedition in 1912. To 
accompli^U tkis, more gasoline would ba needed for refueling me 
Beechcraft. So Im, the weather bad provided us mtb few 
flying days such as the one we were just finislung. I therefore decid^ 
that, instead of waiting in the field while the Noraeman 
Geveral loads of gasoline to us, it would be more efficient for both 
planes to return to Capo Keeler, refuel, and make a aecoud top to 
the south. Half an hour after we had landed at Mount Austin we 
were again in the air, headed north. The Beechcraft climb^ to 
11,000 feet, in order that Latady might photograph the co^t litio 
with the trimetrogon cameras, since he had not done so on the ouU 
ward trip in order to save gasoline. Although it was lA P- m* 
wo took off, the 24 hours of polar daylight made it possible for him to 

get good results. 
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We did not seo tte Norseman during the return* but constant radio 
communication was maintained between the two planes. By the 
time we had reached Cape Knowleap 250 miles to the norths ground 
fog covered the entire aroa ahead (pL 7, fig, 2). Close to Steele 
Island, Lassiter found an opening in the fog and quickly dove tlirough 
to make an eniergency landing on the smooth, hard sea ice, and within 
30 minules Adams in the Norseman bad been guided in by radio. 
We camped here until 3 o^clock in the aftiimoon of November 22* at 
which time tlie meteorologist at Cape Keeler informed ua that Keder 
weather was suitable for flying. After a brief stop at Keclcrp we re¬ 
turned to the main base* landing at § p. m.* just 31 hours after we 
had left Capo Keeler for the southern flight. 

That evening Adams in the Norseman left again for the Keeler 
base, canying another load of gasoline. With Fisko* Robertson* 
Wood* and Schlossbach* lie was forced to remaiii there for several 
weeks because of con tinned overcast. 

SECOND long southern FLIGHT 

The second long flight south was still foremost in my nundp but the 
weather reported on the daily echedtiles from Capo Keeler had been 
most discouraging~"'snowed in*” ''blizzards with strong winds*” or 
overcast with ceiling zero," Finally, on the morning of December 8p 
Kedor reported the same good weather that prevailed at the main 
baso^ Within an houTi Lassiter* Latady, and 1 were in the Beech- 
craft headed for Keeler, Adams and Scblessbach had the Norseman 
leaded with a cargo of five gasoline drums and their emergency 
equipment and wwe ready to take off. The temperaturo was 0“ F. 
and the air dead cahn. The condition of the surface enow was very 
different from that on November 21* and the first three attempts to 
taka off w'cre unsuccessful. Finally* Scldo^bach and all Ids emer¬ 
gency gear and two of the five drums had to be left behind. Even 
then, without tho aid of any wund Adams was barely able to lift the 
plane into tho air. It was the first time that the Norseman's plastic- 
shod skis had stuck to the snow« We all agreed, however* that the 
plastic-shod akU were far superior to metal-shod skis under moat 
snow oonditiona. 

The reduced load of gos made it impossible to undertake as long a 
flight as I had intended. My original plan had been to fly due south 
from Mount THcom for about 3 hours, then bead northeast to Moltke 
Nunatak and the shelf ice* which wo would follow back to the Norse- 
mau stand-by base, Adams had previously established a cache of 
138 gallons of gasoline at Gruening Glacier for our return* 

Unlike the Norseman, the Beechcraft had no dllEculty in getting 
into the air* We climh«^ to 10,000 feet immediately* and by the time 
we passed the south end of Hearst Island* Latady had the trimetrogon 
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cameras sjstcmaticoU? pbotographing the tcTrain below. Our flight 
track was farther inland than before, in order that he might obtain 
an additional set of overlapping pictures. The terrain beneath us 
was highly mountainous, and in places the sea ico came do$e to its 
rugged side. The SO^milc-widc belt of sea ice stretebcd south along 
the coast for S50 miles, to tbe great sbelf ice. Kumcrous sea loads 
ran from the open water toward the mountainous coast, and fre¬ 
quently 1 detected seats sunning themselyes on the ico. 

After a 2H*hour flight from Keeler, the Bccchcraft landed at 2:55 
p. m. off the DOrthemmost headland of Wright Inlet, which 1 desig¬ 
nated Cape Wheeler. About 20 minutes later .4dams circled overhead 
for a landing. The joint British-American Weddell Coast sledge 
party bad reached Wright Inlet and re-formed as the Konne Weddell 
Coast party. My intention was to have them stand by with Adams 
in tha Norseman to guard our flight. 

Two drums of gasoline were pumped into the Beechcraft’s tanks, 
our emergency gear was checked, and the trimetrogon film was made 
ready for reloading the three cameras at intervals during the flight. 
As the weather ahead looked perfect, I decided to start at once. We 
experienced no difficulty in taking off from the sea ice where the 
sledge party had made their camp. Our course was laid due south. 

We were steadily gaining altitude as wo passed over Nantucket Inlet. 
Gardner Bay, with ifoimt Austin in tha center, appeared to be about 
30 miles to the west. An hour after the take-off, as wo were flying 
slightly away from the coastal trend, we suddenly saw a heavy over¬ 
cast oWuring the horizon to the south and southeast. We continued 
south for another 15 minutes In the hope that the viability would 
improve, but instead it became much vrorao. Disappointing as it was, 
the only thing to do was to turn back to Wright Inlet and wait for more 
favorable weather, and 2 hours later w'o again landed alongside tho 
sledge party. 

Tho overcast that we bad met to the south moved alowly northward, 
and by morning the visibility was less than 5 miles. That day, the 
0th, the Bonne Weddell Coast party departed for the south. Their 
work was to obtain fixes of geographical features for correlation with 
the aerial photographs we had taken. The temperature remained 
about 0* F., and for 2 days a 40-niilo wind swept over our small camp. 
Wc spent most of our reslltas time in sleeping bags, though wo tried 
to take some soundings in a sea lead about 3 miles from the coast. 
Bottom w'as not reached w'ith a 75-fathom line. On the evening of 
December 11 we saw that the southern horizon was beginning to clear. 

THE FINAL ATTEMPT 

At 3 o'clock the next morning, December 12, .Adams, who had 
volunteered to keep an all-night weather watch, called Lassiter, 
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Latady, and me. He had pumped the last dirum of gasoline and 30 
extra gallons of gas from the Norseman''a tanks into the Beechcmft 
and already had breakfast waitings At 5:20 a. tn. we took offj with a 
elear blue sky oTcrhcad. This timej howeverp we were unable to leaTe 
with full fuel tanks^ and consequently my plan for the flight had to be 
slightly modified. Instead of flying due south for some distancej I 
decided to follow the shelf ice southeast to Moltke Nuntttak and Coats 
Landp and then go south as far as our gas supply would permit* 

Twenty minutes after the take-off we flew over the dog-team partyp 
stm sledging south. They were taking advantage of the better snow 
surfaces during the hours when the sun was lowest. From time to 
time we passed through patches of overcastp which made us lose 
altitude. I noticed that the area of open water to the north had 
increased considerably since our flight of November 21. The looBcncss 
of the pack ice a^ seen through my field gleases confirmed my belief 
that a sturdy vessel could have sailed right up to the shelf ice if condi¬ 
tions to the north were similar. In 7S®25^ S.p 44® W.p we crossed a 
deeply Indented bayp about 20 by 20 milcs^ which I named Gould Bay. 
At the head of the bay was an ice fall, beavUy crevassed for a width 
of about a mile or more inland. Tongues of icc protruded into the 
head of the bay and the bay itself was partly filled with small tabular 
bergSp cemented together with sea ice. It reminded me very much of 
the Bay of WTialeSp in the Hoss Shelf Ice in approximately the same 
latitude on the opposite side of the oontinent. Gould Bay would secra 
to offer a suj table place for landing a wintering party + Shortly after 
wo had crossed the bajp overcast skie^ appeared straight ahead. To 
the north and Dortheast^ practically ioe-frec water could be seen to 
the horizon. There wnSp how^everp some loose pack ice next to the 
shelf ice. By talcing a sun sight, to obtain a lino of position^ and by 
dead reckoning, I estimated that we were in 78*40^ S., 40® W,, and 
about 50 miles west of Moltke Nunatak. Through a light haze we 
could see the easterly trend of the shelf ice. 

LAND BENEATH ICE SHEET 

Three hours and eeven minutes after we bad taken ofF^ black clouds 
covered the surface bencathp and we were forced to change our i^urae 
to 218® true. Through a distant clearing beyond the clouda we could 
sec a snowy surface w ithout visible rock outcrops. From our elevation 
wo were unable to see either Moltke Nunatak or other mountains^ 
and if any exists they either are small in size or worn obscured by the 
clouds. Our new course took us along the edge of the overcast* As 
this W'os a most important kg of our flighty I scanned the horizon with 
field glasses for a break of surface, but noue was visible. At 8:50 
a. LassUor informed me tliat one of the fuselage tanks might nm 
dry at any minute^ and I knew^ to my sorroWp that we should have to 
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return soon. Just then the engines missed for an instant, and Lassiter 
switched to a full fuel tank. Latedj again dropped the American flag 
in the name of the United States, and I made this area part of Edith 
Sonne Land, which, name I have given to all tho newly discovered 
land from tlie farthest west seen on the November 21 flight to the 
farthest east seen on this flight. 

I obtained a sight with tho bubble sextant, which gave nw the 
approTEimate position of our turning point. About 12 miles from the 
edge of the shelf ice Latady obtained a reading from the radio al timeter, 
which indicated that the surface beneath us was 700 feet above sea 
level; a few minutes later aaothcr reading from the radio aldmetcr 
indicated that the surface was not 300 feet above sea lore!; and a final 
reading, at tlie edge, showed only 100 feet. Tho gradual southward 
increase in elevation of this huge ice mass was our second important 
discovery. These observations, together with the observations made 
on the November 21 flight, the obvious obstruction which accounts 
for the indentation named Gould Bay, the lines of crevasses which w® 
saw at some points extending parallel with the Lassiter Shelf Ice fringe 
over a width of 15 to 20 miles Inland, and the fact that as seen from 
eiir most southerly position, the surface of the ice seemed to rise 
steadily, leads me to believe that the Antarctic continent is a single 
unit and is not divided by a frozen body of water extending from the 
Ross Sea to the Weddell Sea. Tho whole area had now been covered 
where a possible strait might exist. Tho line of position that I obtained 
at the barrier when the sun was 00“ off the plane's heading fixed its 
location precisely. 

RETURN TO MAIN BASE 

While speeding over the shelf ice more than 900 tnilM away from 
our main hose, we heard Kelsey come in on the radio stronger than 
ever. We also maintained contact from time to time with Cape 
Keeler and with Adams at Cape Wheeler. As we approached Mount 
Austin, the mountainouB coast line loomed ahead once more, and 
Mount McElroy and Mount Nash stood well above the horizon south 
of Mount Tricorn. Latady was eager to obtain a second set of tri- 
metrogon photographs of the coast line as wo coutmued northward, so 
we radioed Adams to take off at once for Cape Keeler. Through my 
field glasses I w'as able to sec him taxi for a take-off as w c flew over 
Mount Tricorn at 10,000 feet. Soon afterward he wos lost to sight. 

When 1 looked southeast for the lost time, I saw the lOO-foot barrier 
disappear over the horizon. Behind us lay our most important dis¬ 
covery. We had follow ed for 450 miles the icc barrier that bounds the 
Weddell Sea on the south and had found that it connects with Coate 
Land at some distance south of 77“50^ S., 36“ W., where Filchnor found 
an ice wall in 1912. From the trend of the shelf ice as we saw it, I 
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conclude that Filchuer saw the tiorlh side of either a huge tabular 
iceberg or an ice tongue that has broken off 60 miles since 1912, to its 
present position. Filchner reported that he buUt a camp on the shelf 
ice, which he was forced to abandon less than a month later because it 
had calved and was drifting northward. £ named the extent of the 
shelf ice that we had seen in honor of my pilot Captain James W. 
Lassiter. 

After some dilh cutty, because of the large patches of oyercast 
beneath us, we located and landed at Gruening Glaaer, where we 
pumped the 133 gallons of gasoline into the Bcechcraft's fud tanks, 
h lean while, Adams in the Norseman had gone directly to Capa Keeler 
and had landed, refueled, and taken aU the personnel there back to the 
main base. We ourselves landed at the main base at 6:06 that same 
evening. We had been in the air 12JJ hours, and in that time wo bad 
covered 1,T00 miles of terram. 

THE SLEDGE PARTIES 

On December 13 the Konne Weddell Coast party reached the top of 
Bowman Peninsula, forming the north aide of Gardner Bay. Here 
they verified my observations on the location of the hay and Mount 
Austin and made a general survey of the area. Upon their return to 
Mount Tricorn, this party again formed the joint Britisb-American 
WeddeU Coast sledge party. By utilising the caches laid by the 
Norseman plane, they had no diihculty in making a good distance 
daily on their way back to Stonington Island. They reached the 
base on January 23, 194S, having covered 1,180 statute miles in 105 
days on the trail. 

The geological party, consisting of Nichols and Dodson with their 
13-dog team, sledged southward over the sea ice of Marguerite Bay to 
the head of George VI Sound. Cape Nicholas on Alexander I Island 
was visited, and sedimentary rocks were found and studied there. On 
the return journey geological studies were made on Mushroom Island, 
Terra Firma Island, and tho coast line northward to Neny Island. 
The men reached llie main base on December 20. They had been in 
the field for 99 days and had covered 450 miles. After a few days in 
camp, Nichols, accompanied by Dodson and Latady, made a detailed 
geological study of Red Rock Ridge and the Neny Fiord area. 

MAPPING FLIGKTS ON THE WEST BIDE OF PALMER PENINSULA 

Trimetrogen flights wore made on November 27 and December 3,31, 
and 22, over the west and east sides of Palmer Peninsula both uorth 
and EOuUi of the main base. On the December 3 flight, over George 
VI Sound, cloudy weather prevented us from photographing south of 
the Batter bee Mountains. 1 still considered it would be well worth 
while to tie in Alexander I Island with the area south of the Batterbee 
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Moimt:iim 3 a.iid then connect Lhia with the Robert Engliah Coast. 
These areas had not been previously photographed with trimetrogon 
enmeras, though EkJunJ and I had established the ground control 
points in 1940. In spite of tbc fuel shortagCp which was now becoming 
acute, we managed to fill the Beechcraft''s fuel tanks with high^Dctan# 
gasoline for a last flight. 

On December 23* for the third consecutive dey^ the weather was 
e.xcellentf with ceiling and visibility unlimited. We flew south post 
Mount Edgell, at the entrance to Geoi^e VI Sound, and followed the 
sound to the Battcrbee Mountains, w^here I saw and named the 8^500- 
foot ilount Ward. Mount Rnssell Owen* Gutento Mountains, and 
Mount Coman were w'cU defined above the Rainier Peninsula plateau. 
As we passed Margaret Goodenough Glacier* we changed course to 
250® true, to follow tho trend of the Robert English Cooat westward. 
We passed slightly south of Eklund Island, and farther to the north¬ 
west we could see where the Sound ico terminated in Konno Bay 
(named in 1940 for my father* Martin Konne). Isolated mountain 
peaks lay to the south. Had the weather been more favorable at the 
time of his flight in 193S, Lincoln EUaworth would certainly have seen 
them. Beyond Ashley Snow Nunataka (three) we flew over an escarp¬ 
ment w ith exposed rock facing the northeast. Fifty miles to the south 
a snow-eovored mountain rose to about 10,500 feet* Mount Re.v; some 
60 miles west of it was Mount Peterson, tabular and about 9,000 foci, 
with six smaller peaks nearby. 

Due west of our tuirdiig point* 74® S.* 79®35' W., was a partly 
snow-covered mountain of more Llian 9,000 fectj which I named Mount 
Tuve (approximately 74®30" S.* 88^ W.), another, to the northwest, 
Mount Combs. At the turning point tho radio altimeter recorded a 
surface elevation of 3,100 feet above sea level* which was kter cheeked 
on the ground. The surface appeared level imd uncrevassed, and we 
decided to land. The plane taxied smoothly along the soft snowp 
The line of position 1 obtained from sun shots upon landing, when 
correlated with the fixes I obtained on mj 1940 sledge journey over 
some of this area, will provide ground control for the photographs we 
took. Tw'olve minutes later w'c were again in tho air, following a 
course directly tow^ard the main baae. Wo reach<Mi Alexander 1 Island 
20 miles to the west of the termination of the shell ice of George \ I 
Sound in Roune Bay. In 71® S., 70^ W.* an impressive isiimw-covered 
range stretched in an cast-west direction for about 40 milea- Sixty 
miles to the south a dark, massive range loomed majestically above the 
surrounding terrain. These two newly discovered motuiLain ranges 
I nanied respectively Colbert Range and Le May Range, 

We chaELged our course almost to due north* then northwestward 
aemaa Wilkins Strait to Charcot Island. In our flight track straight 
aliead we saw the Walton Mountams, about 4,000 fcot* and Mount 
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PftuJ Lee loomed high above the terrain looking westward to the 
extreme western cape of Alexander I Island* In approximately 71® S** 
75® W.p I observed an ice cliff extending south from Charcot Island to 
the north coast ol Alexander I Island. It appeared to be a connecting 
Unk between the two islands. I hope that the trimetrogon photo¬ 
graphs will further clarify this interesting matter. Over Charcot 
IsJaud our radio altimeter indicated that the surface beneath was flOO 
feet above sea level* 

On the smooth snow surface 20 miles to the south of the three small 
peaks of Charcot Island we made our second landing on this flight— 
the first persons to set foot on that much-disciissed and elusive island* 
The stop was Just long enough for me to take a few eights. The sun 
was due we^tj and I was able to obtain a good lon^tudinal line of 
position. The eloping terrain to the south made it easy for the lightly 
loaded plane to take off on the last leg of our return flight. When wc 
were in the air agaiup I observed much open water to the west and 
north of Charcot Island. It w'ould have been possible but difBcidt 
for a ship to force its way to the island. To the cast J saw many sea 
leadsp though huge tabular bergs were still frozen in the sea^s icy grip. 

As we Dew over the north end of Alexander I Inland to cross the 
10|000-foot Douglas Rangep tho sun still shone brightly in all directions 
except the eaat^ the direction of our Siglit, where there was a Iicavy 
overcast^ At the same time Kelsey at the main base gave us the 
first of a series of warnings on the sudden and rapid approach of had 
weather- We crossed tlie island in 69®30^ by following a deep and 
wide valley for 40 miles. Tufts Valleyj aa I named itj contained a 
crovassed glacier that terminated on the Marguerite Bay side of the 
island. A 20-milc-long glacier. Nichols Glacier* is a northern branch 
or tributary. By the time wo reached the entrance to George VI 
Sound we were flying in overcast. Lassiter descended below the 
heaviest cloud formations to an altitude of 3,000 feet, and w'o managed 
to continue northward* At Red Rock Ridge, 10 mdes from the hose, 
the weather had completely clt^d in around us. Fortunately, 
Lassiter wos familiar with tlio teirain, and he guided the plane around 
the barely visible outlines of the high cliffs. At 200 feet we skimmed 
over icebergs fioating in the open water off the ridge. Once a sudden 
downdraft caught the piano and forced it violently within 50 feet of 
the icy water beneath. Ijassitor maioLained bis usual steady control, 
and a few minutes later wc landed safely on the bay ice in Ncny Fiord, 
4 miles from base* The weaseL summoned by radio before landings 
helped to bring the plane to its mooring. Gusts of wind of as much as 
70 miles an hour made taxiing the plane exircmely difl^cuit. However, 
with two men riding on each wing to break the wind stream^ we man¬ 
aged to get the Beechcraft moored in its usual position. 1 know of 
three mon who ware mighty happy to he on the ground that nightl 
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Tbo coDtrsst between the weatber at our departure and that on our 
return af ter more than 8Ji houra of ^ght wa» etriking. Once again I 
was deeply aware of the respeot one must always hold for the sudden 
dangers mercilessly lurking behind the while veil that wraps this vast 
continent. 

EVACUATION AND RETUKN OF EXPEDITION 

During the first week of Januaiy 1948, the three planes were dis¬ 
mantled and loaded aboard the ship from the bay ice. This 4-foot- 
thick ice, which had been used extensively as the runway for the 
planes, was already beginning to show signs of deterioration as a result 
of the summer thaw. Day by day it slowly rotted and weakened. 
In February strong winds with swells from the northwest broke up 
some of the ieo, but on February 11, 4 miles of solid icc atiU separated 
the ship from the open water. 

It had been my original plan to remain at the base until the middle 
of March, at which time I anticipated that the ice w’ould have cLearod 
from the Bay suiEeiently to permit our return without hindrance. 
However, on February 12 I ivas informed by radio that the two Navy 
ice breakers then operating in Antarctic waters would visit our base. 
By the time they arrived, on February 19, our ship, which for some 
time had been surrounded by open water was again frozen in. Al¬ 
though w'inds had been blowing almost continuously for more than a 
week, the freezing temperatures led me to believe that the cold weather 
of an early fall had already overtaken the summer thaw. I remem¬ 
bered only too well that in 1941 this same bay ice was not gone by 
March 22 and we were forced to evacuate the base by two hazardous 
airplane flights, Tbo risk of having to remain another year in the 
Antarctic, if the bay ice did not go out, was too great. 

I accordingly decided to utilize the excellent opportunity offered 
by tbe presence of the ice breakers and to follow in thetr wake to the 
open sea. In this connection it is interesting to note that on April 
9, 1948, I received a communication from the Governor of the balk- 
land Islands that stated: 

Sea ice Id Marguerite Bay broke up February 28, but navigatioD only became 
possible Marob I3, Sea Irissiing periodically maalnaiua tbickuess one inch. Two 
hundred yards elrip cid ice still fast belwren Romaa figure four and Neay Island. 

Therefore, had 1 remained it would have been possible to have 
completed a full year of observations in the j\ntarctic, and to have 
returned without assistance, but this could not have been foreseen at 

the time of the ice breakers' visit. .. w 

With no difficulty whatever, they broke through to our ship VVe 
spent all that day and the foUowiiig one hurriedly complcti^ ^ 
loading of out cquipiiaent. One of the Fc^selsp the U. . tt c 
went ahead to clear a wide path. The second ico breaker, the U. b. 
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Burton Islomd, maneavered into posUiotx ahead of our ship and 
steamed into open water, and wa followed in ita wake. 

At 4 o’clock on the afternoon of February 20, 1948, 37ie Pori oj 
Beaumtmt, Tixao rounded the stretch of ice-encloaed Stonington 
lahmd, Netty Island, and Red Rock Ridge and finally sailed into the 
open sea of Marguerite Day to the west of Adelaide Island. Our 
year's work at this lonely outpost was now a part of histoiy. For 
the third time I left the snow-covered mountains of the Antarctic 
continent behind me and turned my eyes northward to greener shores. 

SUMMARY OF ACCOMPLISHMENTS 

The accomplishments of the G.^editJon were greater than I had 
hoped for. In a total flying time of 346 hourei the three planes had 
covered 39,000 air miles of Antarctic terrain. No fewer than 80 
landings had been made in the field. The planes had made extensive 
reconnaissances, laid caches for aviation and dog-team parties, searched 
for the lost British dim, transported personnel and equipment to 
advanced field bases, and carried on geographical exploration and 
trimstrogon mapping. The program had netted a conservative total 
of some 280,000 square miles of terrain explored for the first time and 
a total of some 450,000 square miles of territory covered by 14,000 
trimetrogon photographs. The photographs are now being developed, 
and they will be used to make now maps. 

Data were obtained in various branches of science. Dr. Robert L, 
Nichols, head of the geology department of Tufts College, spent a total 
of 154 days in tho field, making geological studies in the Marguerite 
Bay area, with the competent ossisiance of Robert H. T. Dodson, 
graduate student at Harvard, who sledged with him duriug the entire 
geological field season. Physicist Harries-Clichy Peterson's work in 
meteorology, cosmic rays, solar radiation, dew point, refraction, and 
surface radiation kept him busy for many houra of the day. Ho was 
ably assisted by Climatologist C. O. Fiske, both at the main base and 
when Fiske was operating tho Cape Keoler advance base. Geo¬ 
physicist Andrew A. Thompson made continuous oomprehensive 
seismographic recordings with bis two sensitive instruments and also 
carried on tidal observations and investigations In terrestrial magnetp 
ism. He spent a little more than 2 weeks at Cape Keeler taking 
magnetic readings; and Lt. Charles J. Adams, when in the field 
guarding our piano flights, was able to obtain magnetic readings from 
the Mount Tricorn area, These men also gave any help needed for 
the maintenance of the planes or the camp. Results of the geological 
and geophysical investigations will be available in due course. 

E. A. Wood, Walter Smith, and Fiske operated the plateau weather 
station and the Cape Keeler advance base. Smith and Arthur Owen 
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the American members of Uie joiot Britidi-Amerloau UeddeU 
Coast sledge party and at Wright Inlet, with the two Bnt^h m^bem, 
formed the Ronne Weddell Coast party, which sledged to Gardner 
Bay and back to Wright Inlet. James B. Robertwn, aviation me- 
chmiic, was at Cape Keeler during the flights, and Commander Isaac 
Sdilosabadi, second-in-command » when not fiyin^ as c^iiot \vr 
Adams, also manned the Cape Keeler base. Lawrence Kelsey was 
untiring at the main base radio, which was the central point for wr- 
relating information from all fidd units. Charles Hassage chief 
engineer of our ship, The Pori of Beaumont, TeMf, m addition to 
running the camp during my absence, was always ready to help mth 
the maintenance of the planes and the nuincmiis camp choroa. Mrs* 
Ronne assisted in the organisation of the camp dun^ my absences 
and acted as recorder. Nelson Mcaary sew^ as ship s mate, and 
Dr, Donald McLean os medical officer. Chief Co^i^ary Steward 
Sigmund Gutenko, U. S. K., on leave of absence with the expedition, 
pmeured and prepared all expedition food and assembled all trad 
lad emergency food; be also gave a hand in servicing the planes when 

time aUowed him a spare moment from the gaUey. 

The pilots were Capt. James W. La&siter and lacutenant Adams, 

both assigned to the expedition on active 

Forces. Adams, ns pilot of the Norseman and the L-5, hauled tons 
of essential equipment into the field and conscientiously and depend¬ 
ably backed up and stood by the Becchcraft's exploratoiy and phoU^ 
^Tphic flights Lassiter, in addition to piloting the J 

communicated by radio with our auxiliary ^ 

Coast and the main base on Stomngtoa _ 

Bcechcrafl’s flights William B. Latady checked 

and passed the information on to mo. As aerial photographer he 
was fully occupied with the operation of the tnmelrogon and hand 

cameras and the changing of film, men not “ 
photographer and machinist. The navigation end of tho %bls I took 
!aw offrom my vantage point in the copilot’s seat, which gave mo a 
splendid view of the terrain beneath and ahead, IJariy DarhogiM, 
who was accompanied by his wife, and Jorge di Georgio, Chdean. 

«t=»v. p«sr.m. o( tlH, .«>=dUi.n 

in r rS, nod opernt^ »ur nW? 

l,200-ton wooden vessel to and from the Antarctic, a is ance 

^^To\hc mcm'wliose initiative, cooperation, and loyalty conlnbi^d 
so^rela; to ;he successful accompHshment of ^edition a large 
program; 1 give my sincere appreciation and gratitudo. 

SWSIl—26 
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APPENBIX 

The Rcume Antarctic Research Ejcpediiion was organiaed with the 
support and good will of many individnaU and organisations through¬ 
out the United States. I can mention only a few: Dr and Mrs, 
Edward L. Sweeney of Evanston, ill, and Washington. D. C., Mr 
and Mrs, Ah an Scaife of Pittabi^h, Pa., and John Hauberg of Rock 
laland, lU,, who because of their interest in exploration and science 
provided the nccesftat 7 support. Without the sale of news rights to 
«ie North American Newspaper Ahiance, Tnc., a contract with tho 
Navy Department for the resuits of research in various branches of 
science, and ihe many arlides given me by the Research and Develop¬ 
ment Section of the Army Air Forces, the expedition would not have 
matoriaJiaed. Representative J, M, Combs of Beaumont, Tex., was 
one of our strongest and staunchest supporters, and Sir Hubert Wilkins 
gave me many helpful ideas and suggestions. Of inestimable help, 
tw, were Dr Isaiah Bowman, president of The Johns Hopkins Univer- 
aity, Dr Lawrence McKinley Gould, president of Carleton Col¬ 
lie. The American Geogmpiiical Society of New York, through its 
director. Dr. John K, Wright, extended its auspices during the davs 
when I was planning the expedition. In addition, there are othere, 
flr too numerous to mention, who helped me in many ways. For 
^eir help I am grateful. To Capt. Hairy L. Dodson, U. S. N., Dr. 

ana Ceman, and Dr. I. C. Gardner I am indebted for their untiring 
e orta to further the aims atid purposes of the CiXpeditioiii 

NAMES 07 NEW FEATITRES 


The new names given by me and applied to the map arc: Cape 
after John N, Wheeler of New York; Kehey after the 

Kelsej familj, Sam men to, Calif.; Sw<infi Glamor, after W. K G* 
of SwartUmore, Pa.; Almni Coji^n, after Dr. Dana Coman, 
The Jobna Hopkins University School of Medicine; Wav^rly Gk[cur, 
after the seat of the Kasco Dog Food Company’s mills; Tidier Inlet, 
f M Boaumontj Tox,; Cape FUke, after the Fiske 

y of uffalo, N. \ C<^pe SmiHy^ after Walter Smithy expedition 
mate and navigator: Cape LitiU, after D, M. Utile of Washington, 
Johnston Oiac^^r, after Freeborn Johnston of Washington, D. C.: 
^ aftar M. C. McElroy of Boston, Mass.; iWbiin# Nash, 

f ‘ I ittsbuigh, Pa.; Afouiit Oioen, after the Owen 

fanuly of Booumont, Tax,; Cape Adam, after Lt. Charles J, Adams, 
expedition pilot; Cape SchliieshQch, after Commander Isaac SchJoas- 
boch, ^nd IQ cor^and of the expedition; Oardner Bay, after Dr. 

D. C.; Wetmore Olaekr, after Dr. 

C.; Wriykt Iniei, after Dr. 
right, Director of the American Geographical Society of 
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New York; Mouni after the Texas hero; Mownt Robtrtson, 

after James B. Bobertsoo, expedilioD avialiOD mechanic; A/ouni ft’oerf, 
after E. A. Wood, ship’s etjgineer; Dorfsoa Islandj after C&pt. Hany L, 
Dodson, U, S. N.; Zasrifer Sfie/jT /«, after Capt. James W. Lassiter, 
expedition pilot; Mouvt Rusieil Owtn, after Husseil Ovi'en of the 
New York Times; Mo^nt Song, after Joseph Haag of Todd Ship 
Yards, N. Y.; Outenko Af<twUains, after the Gutenko family of Balti¬ 
more, Md*; Latadij MouniainSt after William Lalady, expedition aerial 
photographer; Siweney Jt/ouafoina and MtytttU Edward, after the 
Sweeney family of Evanston, IlL, and WasUingtoD, D. C.; Ho'uberg 
Mounlaina, after John Hanherg of Roek Island, Ill.; Wiltina A/oun- 
faiTW, after Sir Hubert Wilkins; Scaife Afftwniains, after Mr, and Mrs. 
Allan Scaife of Pittsburgh, Pa.; Mtnint Brwndage, after Burr Brundage 
of Cedar Crest College, Allentown, Pa.; Afaymt Home, after Bernhard 
Home of Pittsburgh, Fa,; MouiU Flassage, after Charles Hassage, 
expedition chief engineer; Govld litty, after Dr. Laurence McKinley 
Gould, President of Carle ton CoDegc; Edith Ronne La,iid, after Mrs. 
Bonne, expedition recorder and expedition partkipont; A/ount B’ard, 
after W. W. Ward of Bcamnont, Tex,; Afbimt Tuee, after Dr. M. A. 
Tuve of Washington, D. C.; Tvfts Valtey, after Tufts College, Mass.; 
JVicAofs Glacier, after Dr. Robert Nichols’ daughter, Medford, Mass.; 
Nimik Jsfanrf, efter the Niatiik family of Baltimore, Md.; Bujjje 
Mande, after the Bugge family, Moldc, Norway; M&wni ThoTnpson, 
after the Thompson family of FidendsJiip Will Farm, Pa,; Mount 
Peterson, after Dr. Edwin Petereon of BelmotU, Mass.; Mount Itex, 
after Commander Daniel Bex of Washi^toii, D- C.; Bowrmtn Penin- 
sula, after Dr. Isaiah Bowman, President of The Johns Hopkins 
University, Baltimore, Md.; iiTficfiiiwi Ohtcirr, after Commander 
Gerald Ketebum, U. S. N.; Tejas Glacier, after the Daughters of the 
Republic of Texas, Beaumont, Tex,; Cape Light, after Br. Richard 
Upjohn Light, President of the American Geographical Society; 
Zmne Glacier, after George J. Irvine, Washington, D, C.; OrtfiUe 
Escarpment, after Capt. H, T. Orville, U. S. N., IVashingion, D. C.; 
Mount Lee, after Admiral Paul Lee, U. S. N.; Walton Mouyttaine, after 
Col. R. C. Walton, U. S. Marine Corps., Washington, B. C.; Cclhert 
Range, after Admiral Leo Otis Colbert, Coast and Geodetic Survey, 
W^ashlngton, D. C. | Le Mag Range, after Gen. Curtis Lc May, A. A. 1*.; 
Cape Cole, after W, Sterling Cole, Represenhitivo to Congre^ from 

New York. . . ^ :n 

These names have received lUe approval of the United States Board 
on Geographic Names. To the Boord’s Advisoiy Committee on 
Antarctic Names 1 am particularly indebted for promptness of 
consideration. 


i 




THE STATE OF SCIENCE ‘ 


Bt Kasl T- Caii?TOK 

Chairman, MauaehvtttU /nritfui* TkATielom Corpttreiion 


As I contomplftted the task of prepaiiDg for this occasion an evali 
lion ot «i«c .1 


lua- 

tion of scienca flt the nudccniury, i qiik^y came to a 
iirhich became more firmly established as 1 proceeded, and which I 
shall now demonstrate to you. It is that I am 
task. I am reminded, by analogjj of the Negro apna cr w o ^ ^ 
complimented on his running of 100 yards in 9S seconds, replied. 
“I could run that race in 9 seconds if it wasn t for the longnesa _ 
distance and the shortness of the time.” I aro handicapped by the 
bigoesa of the subject and my incapacity to do it justic^ 

Were I a Man from Mars, visiting our plwiet 4 la Orson Welles, 

I should have certain advantages. In the place I ’ 

doubtedly be very intelligent, dee 1 could not have 

the journey and to land safely. In the second place I 

.arthly scone objectively. For the attempt to stand off ^ f 

space and survey objectivdy our accomplishments and our ehor^ 

comiilgs is a difficult one. Our sincerest efforts 

ire u^onsciousW colored, not only by our own convictions and 

ibilosopby, but by those fields to which we have allied 

that the statesman tends to view everything first as a P . 

lem* tbo priest, as a spiritual one; the economist, as a social one, ^ 

the 'scientist, as a problem for his laboratory. Nor am I. as we shall 

the Man from Mars. This, hU latest invasion is tor toe ro^ 

ing of toe midcentury, an accounting time 7^"^" 

the past for the progress made to date ond to contemplate toe 

htacit (or trip by . 
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Ha would be further astooished by the tiny fragrment of time we call 
^'history” in contraat to the eodless mUiemna of prehistory. Ho 
would note that all that modern mati knowa of prekiatoric man has 
been cleverly deduced from the mute eiddcncfl Idt by his anceators, 
often hidden in caves and dried river valleys. And filially he could 
not fail to bo astonished by the unequal march of history itself—the 
long eras during which man fought and struggled and moved along, 
to the slow pedestrian pace of 2 or 4 miles per hour—in contrast to 
this century in which ho has accelerated hb pace until it has exceeded 
tile speed cf sound. 

Oiir Martian's perusal of history would have acquainted him with 
tho various stages of civilization anti culture through which man has 
parsed—the nomadic civilization of the early Semitic tribes, tho in¬ 
tellectual ages of Greece and Eome, the primitive agrarian culture of 
the Aliddle Ages, the emergence of the crafts and guilds^ the cultural 
renaissance of the Western worlds and the rise of exploration and sea 
travel. Ami finally, he would view with some astonishment^ no 
doubt, the industrial revolution of the last 100 years and its kaleido¬ 
scopic impact on succeeding ilecades. 

But he would be unprepared, I think, in his global survey, for the 
strange inconBistenciea end incongruities of the modern world. Hav¬ 
ing observed in his study of history a slow progi*ession through no- 
madicj agrarian, handicraft, and industrial stages of economy, he 
would likely be surprised to find examples of all these stages still 
extant in various parts of the world. Or, if he had been particularly 
interested in the social and political emergence of man, how would he 
account for the vestigial romaiiis of ancient tyranny, the oppressive 
burden of autocratio rule, still existing side by side with the democ¬ 
racies of the modern world? In short, to borrow a figure from the 
biologists, he would find our present-day civiliKation the phylogenesis 
of human histoiy% 

We might assume that this Mid-Century Convocation on the Social 
Implications of Scientific Progress^ which opens today, has convened 
for the purpose of cxploiiuDg to the Man from Mars the achievements, 
the trc'iids, the problems, and tho anomalies of our times. And in so 
doing perhaps wc shall gain for oursdves a better understanding of 
the multiplicity of forces which, have a bearing on our lives and so 
achieve a better orientation for the resolution of those discords that 
threaten further progress. 

For my part, 1 am happy to be today the special pleader for the 
role of science in modem society. For I hold that science and tech¬ 
nology are largely responsible for much that we find good in the world 
and are capable of being the common denominator of many things 
we fleck to accomplish in the decades ahead. 
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To our visitor from MsrSf I would point out tbst tbe sciontist wid 
engineer are busy not only in tbo laboratory and library but in many 
strange places on, above, and below the surface of the earth. On one 
of the highest peaks in America, one group of scientists measures toe 
effects of cosmic radiation, wbilo many feet below the aurfaco of the 
earth, in a dark tunnel or at the bottom of a lake, other groups check 
on the cosmic buUeta that pierce the surface of the earth. In bathy¬ 
spheres as strange in appearance aa thoUKh they themselves had come 
from Mars, men try new fatboma of the ocean depths. And missiles 
of extraordinary shape and size hurtle hundreds of miles above 
eartli to seek new data on the upper atmosphere and the spheres that 
lie above it. So that if to our neighbor, Mars, we appear aa a race 
of ants, busy ivith a complex and remarkable division of labor, we 
must also appear as the possessors of an extraordinary mtellectual 
curioaity-examimng every aspect of ow tiny globe and then pro¬ 
jecting ourselves beyond it into the infinities of space. 

The marvels thus uncovered have been so numerous and so nazsling 
in recent years that wa have come to accept ••ach new announcement 
with a certain complacency, almost indifference, as though nothing 
were to be wondered at. Yet these things to which we adjust our¬ 
selves so quickly as to be almost unconscious of change, and whicb 
we quickly come to count as necessities and ‘^rights" of life, wo often 
things which were entirely unknown to our parents or pandparents. 

It ie not inappropriate then, that we should take stock, at the mid- 
centurv, of exactly where we do stand in scientific achievement and 
of what is vet to be aoeomplUhed. For the scienUst is not apt to 
find himself in the predicaiDent of Alexander the Great, 
because there ware no more worlds to conquer. e shall see, 1 think, 
that tnurb needs to be done on an ever-widening scale towai^J meeting 
the physical needs and opportunities facing mankmd and that science 
is responsive, also, to those who see in it a method of approach to the 

deeper social problems of our times. ^ 

In assessing the status of science 
tion to use as a point of comparison the middle of the last 
PoliticaUv, the world then turned in an aura of ^est, not . 

in which ^0 now find oiimelvcs. The 

across central Europe in 1S48 with an upsurge of hberahsm “d seff- 

determination had been succeeded by u.f 

reaction of and 1850* To is aLknt 

sought to introduce new concepts of 

monarchies of Europe, it must have seemed that 

fices bad been in vain, The efforts or a . f 

states in Germany had failed; Austna had 

domination of central Europe; and the progress that had been made m 
Italy had been lost in the tide of reaction. 
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Mei) like Garibaldi, LamarEme, and Loins Ko^sutb bocaiso the dis- 
platted perwjis of their day, and many of them aonght refnge in the 
United States^ Yet though all may havo seamed lost to these Taliant 
liberals^ the reeedmg tide of revolution had left its marki and the smell 
of rhange was in Iho air. 

In Great Britain, Queen Victoria had only just completed the fii^t 
decade of her long reign. Things were relatively stable politically^ 
and the industrial revolution had passed its first phase* The long train 
of miserablo aocial conditions^ which the first impact of the machine 
age had brought to the working classesp had only begun to be amelio¬ 
rated. But thanks to the zeal of aocia] roformcra and enlightened 
induslrialfsts, such as Eobert Owens, Britain was learning how better 
to utilize this vast new giant in its midst and, above all, was coming to 
realize that economic stability was intimately associated with well¬ 
being, and that increased ability to produce on the part of working 
people was basic to anj improvement in their standards of living. 

It is hard for us now In realize from what depths these living stand¬ 
ards have risen, thanks to thoae applications of ecience which produced 
the machine age. Just prior to the iutroduction of steam power, men, 
women, and children labored between 14 and 16 hours a day in poorly 
equipped factories; enjoyed no transportation of any kind, lived in 
windowless and unheated homes; and could not afford the luxury of 
candlelight becaueo candles were Laxed^ Even the least faatidious 
today would be horrified at the unhygienic conditions which every¬ 
where prevailed in the absence of even the most primitive types of 
sanitary facilities. In the long, 6-day weeks there was neither money 
nor leLsure for any kind of recreation. The average number of a man's 
acquaintances during his entire lifetime was of the order of only 100. 
Intellectual and cultural activities among the poor w'cre unheard of. 
The rate of infant mortality was enormous and estimated life expect¬ 
ancy was 30 years. Move-s to hatter these conditions can be traced 
in part to the strong emotional appeal of such tales as Oliver Twist, 
Bleak House, and Martin Chu^xlewit. 

In 1850 the first industrial exposition in the world w'as held in the 
Crystal Hall in I^ndon under the patronage of Queen Victoria and 
the Prince Consort* 

For the United Stat^, which abounded in its great expanses of 
unexploited land and endless national rcsourcesp ibere were no very 
dilTicult adjustments to make to get into the smng of the Industrial 
revolution. I t w'as |‘ust coming into full stride as a nation. FoliticaJly 
the aeetional strife between Uie abolitionist North and the slave¬ 
holding South had come to an uneasy lull, based upon the com^ 
promise of 1850. For tho time berngj violently partisan points of 
View were Hubmerged by the common dealre to take advantage of a 
rapidly expanding economy* 
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Arthur M. Schlesitiger in his chapter on midccntury America * 
gives us the foUowing picture of midccntury economy: 

The emDunt of cbpital Invested Jn mnnufaeturitis (includins fiBbcricc nod nunc*) 
doubled, totaling more than a tatUiuo dolian on the evo of the Civil War. Firet 
ill order of importaTice «M the matciug of flour and moal, then boots and shoce, 
cotton textiles, and lumber producta, with clothing, machinery, leather and 
woolen gooda rorEiag rapidly to Urn fora. In 1849. for the flrst time, the patents 
granted for new inventions pnssed the thousand mart, to reach nearly six tlmoa 
that nuti^bef in 1S€0, 

Ho also points out tliat "of the new mechanisms employed in iu- 
dustiy the census officials in iSfiO characterized tlio flcwing rnachme 
as an altogether‘revolutionary instruiueiit.* From where wo stand 
today, it is difficult to realize tliat a century ago perhaps the most 
significant tool in American industry was the sowitig mschinc. 

With respect Vo science ami invention, the world at tho last mid- 
century stood at the threshold of far-reaching and signfficant dis¬ 
coveries which were to render tho ensuiug century unparalleled in 


human progress. 

Wliitehead has observed that tho greatest invention of the nine¬ 
teenth century was the invention of the mclhod of invention. Ito 
goes on to say, "in order to understand our epoch, wo can neglect all 
tho details of change, such as railways, telegraphs, radios, spinning 
machines, and synthetic dyes. We must conccutrate on tho method 
itself, that is tho real novelty which has broken up the foundations 
of the old civilization. The prophecy of Francis Bacon has now 
been fulfilled; and man, who at times lireamt of liimself as a little 
lower tlian tho angels, has submitted to become the servant and 
rniniater of nature,” 

In physics, at the lost midccntury, the scientific world stood firmly 
on the solid foundation of New tonian mechanics, unaware that just 
ahead a series of events w as taking shape which would effect a revolu¬ 
tion in traditional thinhing. In electridty, the basis bad been aid 
by Franklin and Volta, whUe Oersted, Faraday, and Henry bad 
shown the relation between electricity and magnetism. Fresnel had 
established the wave theory of light, and Joule bad just proven tlio 
equivalence of heat and work. 

But in 1350 the great evolution of the science of physics was about 
to begin. Kobert A. Millikan aummarized these ovonta last year on 
the occasion of the centennial of the American Association for the 
Advancement of Science by mentioning three ^at adv^cea: (1) 
the establishment by Joule, Kelvin, Jlayer, and Ilelmholta of the 
firet and second laws of thermodynamics; (2) the quantitative proof 
of tlio kinetic theory of gases by Clausius, Dolt^ann and Maxwell, 
ami (3) the publication by Maxwell in 1867 of lita classic paper on 
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electromagpetiam. Millikan calls Ma>iwell **liie greate&t omainent 
of his ago” and poinU out tliat Maxwell's book bas created the 
present age of elecLricily in mucdi tbs same way in wbicb Newton's 
Principift created, a hundred years earlier, Uie mechanical age in 
wbicb we are still living." 

Tbo century drew to n close with four very great discoveries wbicb 
Lave profoundly affected our ow^n times. They arc; (l) Eoentgen^^a 
discovery of X-rays in 1895; (2) Becquerel's discovery of radioactivity 
in 1896; (8) J. d. Thomson'a clemonstratloa in 1897 of the election 
as a fuiidanicntal constituent of all Uie atoms in the universe; and 
(4) the quantum theory of radiatioii enunciated by Planck in BerUri 
in 1900. 

During the period in which such stridca were being made in physica, 
the other sclenccaj notably chemistry, biology, and medicine, were 
not standing atilh But, whereas research in physics bad enjoyed a 
steady growth for the two centuries preceding the opening of the 
nineLeenth, the other sciences lagged somewhat in their development. 
This was partly because in bath chemistry and biology there was a 
strong tendency to ding to the dassical teachings of the post. But, 
more significantly, progress in these fields and in medicine also was 
dependent to a laigc extent on the tools and processes being evolved 
by modem physics. 

If one were to review even a partial list of the great names in the 
growth of chemistry prior to thb century, it would be necessary to 
liienLion the NorwegianB, Guldl>erg and Waage, who stated the law 
of mass action; the gi'cat Swedish chemist, ArrhemuSp who advanced 
the theory of electrolytic disassociation; and the American, Willard 
Gibbs p whose phase rule contribiited so tnudi to the development of 
indnstrial chemistry- There would be the Russian, Mendeleev, who 
first, classified the elements in the periodic table, and the Polish 
Marie Curie who. with her French husband, Fierte, made the impor¬ 
tant discovery of radium. Von Liebig and WfiJJer would stand for 
organic chemistry and mention should he made of Hofmantip who 
may be regarded aa tho father of the German dye industry. To as¬ 
piring young scientists of today it sbonld be of interest to note that 
one of Hofraann's students^ W- IL Perkin, a boy of 17, is credited 
with discoTering the first synthetic dye. The chemical industry in 
the United States today owes much of its start to basic work in dyes 
and synthetics which was done in Germany prior to World War L 

Tho emphasis which modern industry and modem w'arfare also 
have laid upon physical adcncca has tended to obscure somewhat in 
the public eye the less spectacular advances of biology and mediciue. 
The use of atomic power for both constructive and destmetivo pur¬ 
poses has greater mtercst for the public imagiDaiion than that mys- 
terioua process by whldi green pWts convert the energy of the eun 
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into the aubatance of life. But who con soy whether the answer to 
the secret of photosynthesis may not have more far-reaching effects 
on our Uvea and on those of generations to come? 

Kenneth Mees, whose book. The Path of Scionce* presents a suc¬ 
cinct TO view of the growth of scientific ideas, places the beginning of 
modern biology in 183S with the pubUcation by two Gernions, 
Schlciden and Schwann, of the coU theory. 

Biological sciences received enomious impetus from the publica¬ 
tion in 1859 of Darwin's Origin of Species, but Darwin died without 
ever learning of the important work of Gregor Mendel whose gr^t 
study of heredity shed such interesting light on Darw'in's theories. 
The acicfica of genetics which rests upon the foundation so brilliantly 
laid by Mendel owes much to Belgian zoologist Benedeti w'ho db- 
coverod the double sets of chromosomes in each nucleus except the 
reproductive cells. 

It was also in this latter half of the nineteenth century that the 
great German pioneer bacteriologist, Kobert Koch, discovered the 
bacilli of anthrax and tuberculosis, that the great French chemist, 
Louis Pasteur, did bis pioneering work on germs and ferments, and 
the British I^ord Lister developed antiseptic surgciy. 

Astronomy at the end of the nineteenth cenimy was largely obser¬ 
vational, with the discoveiy and cataloging of stars and nebulae, 
examination of the appearance of sun and planets, and precise calcu¬ 
lations of orbits. Stellar spectra and brightness were me^ured with 
routine peraiatence but without interpretive theories to guide and give 
^giilGcMicc to the obsorTatiOttSh 

In. ihe foregoing sketch of ecienco up to the bcginniiig of onr Lvtoh- 
ticth century 1 have nmde no attempt at complete coverage; 1 have 
oven omitted entire fields of science, like geology and psychology. 
I have not discussed practical applications, like engineering and 
medicine. I have only used these few examples to servo as spring¬ 
boards for the jump into tho twentieth centmy, in which scientific 
progress has foiged ahead with ever-increiisiiig acceleration and in 
whicb tlie fields of science, hitherto almost aeparatc in their develop¬ 
ment, have merged more and more toward a single aU-inclusive and 
all-mtcrrelated science of the forecs and materials of nature. 

Tho phvsiclats and the chemists both started their twentieth- 
ccntuiy regard! with the atom. The physicists have looked into the 
atom to discover how it was coiiatructed and how its parts behaved. 
The chemists piled atoms together to form molecules of nil degroca 
of complexity. The work of each reacted on the other, and physicists 
had to learn more chemistry and chemists more physics. And the 
discoveries of each provided new tools for both. 
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The major mtorest of phj"3ical seieace in the first dozen years of the 
century was in the attempt to explain natural phenomena by the 
behavior of electrons under the influence of electric forces. Such 
theories were very successful for some phenomena^ and had some 
very important practical applications, namely, our entire modern 
electronics industry. But the electron alone was far from adequate 
to account for the universe. 

Then Sir Ernest Rutherford proved that each atom has a heavy 
nucloua of poaitivc electricity surrounded by electrons. Moseley in 
England proved by X-rajs that these atomic nuclei arc charactcrisied 
by simple numbers: 1 for hydrogen, 2 for heliumj 3 for lithium, and 
so on up to 02 for uranium—and these numbers were soon identified 
with the electric chat^ge of the nucleus or the number of electrena 
outside it In the atom. Thvis quantitative meaning was given to the 
periodic table of Iho cbcmSets. Next» Bohr in Denmark and Sommer- 
feld in Germany applied the quantiun theory to the Rutherford- 
Moseley atom and found the basis for e?cplainmg the spectra of Ught 
and X-rays^ Henceforth spectroscopy became the most powerful tool 
for further atomic stnictriro research^ and such research becamB a 
major pmoccupatloii of physicists in the 1920*3, 

But all during this time other sciantista were experimenting with 
radioactivity, an interesting and puzzling subject whose only practical 
□sea bad been for making watch diaU ltimmou9j and treating with 
moderate success certain types of cancer. But when Rutherford in 
1920 succeeded in transmuting one chemical element into another by 
bombarding it with fast particlea from a riidium source, and thus made 
real the ancient dream of the alchemists, a new era in setenca opened 
up. It opened slowly at fii^t, and it was not until 1931 that such a 
transmutation waa effected by use of a high-voltage machine. This 
was done by two pupils of Rutherford in Cambridge University. In 
ibat same year Ernest Lawi^cnco at the University of Califomia 
inventecl the cyclotron, which has proved the most productive of all 
atom-smashing machines to date* Also in the same year, Chadwick 
in England discovered anotber very important subatomic particle» tbs 
neutron. And still in that same year Fermi in Italy showed that 
neutrons arc extremely potent in producing atomic tranamu tat ions in 
the atoms which they a trike. 

The quick result of the atomic nuclear research stimulated by these 
disco veries wbs the new disco very, or production in the laboratory, of 
more than twice as many new species of atoms as had been previously 
known te exist. Furthermore! whereas it was formerly thought that 
only a very few of the heaviest types of atoms were radioactive, it is 
now possilde in these atom-smashing machines to produce at least one 
radioactive modification, or isotope, of every kind of chemical atom^ 
and several radioactive modifications in many casea. 
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Now we jump to this fateful timej Just 10 years ago, when the 
discoveiy of nuclear fission opened the way to the atomic bomb and 
atomic energy. In early January, 1939, two Germans^ Hahn and 
Strassmann, found that an isotope of harium is produced when 
umnium is bombarded by neutroms. This news promptly reached 
Copenhagen, where it was given the true cscplanation as being a 
hitherto unsuspected phenomenon, nuclear by two refugee 

scientists, Frisch and Lise Meitner, who had fled Germany to work 
with tlie great Danish physicist, Niels Bohr. 

On January 19, Bohr arrived in the United States to deliver some 
lectures, and brought with him the newa of this discovery of nuclear 
fissioD. By January 26 this diacovciy had been confirmed in four 
United States laboratories, in Copenhagen, and in France, and there 
had been a Bcientific conference on the subject in Washington. All 
this had happened within the short- space of less than one month. By 
the end of a year more than 100 scientific articles on nuclear fission 
had been published. 

Then, in 1940, the clouds of war shrouded the further developments 
in a degree of secrecy never before imposed in the held of science. 
This secrecy at first entirely self-imposed by the scientists them* 
selves, w^ho conceived of tho military apphoations of nuclear energy 
befors either offidaldora or mdustry even knew^ of the e:dstcnca of this 
new phenomenon. The project barely survived the skepticism with 
which it was initially received by many of the nonnuclaar scientists 
and engineers who became concerned with it^ but by the end of 1942 
its potentialities bad become well establbbod and the great Manhattfin 
Project was undertaken, with dose cooperation between the carefully 
selected scientific groups from the United States, the United Kitigiioin> 
and Canada. 

The rest of the story is now written into the history of the dramatic 
ending of World iVar II with Hiroshima and Nagasaki; of the efforts 
to turn atomic energy into an instrument, through international con¬ 
trol, for the maintenance of perm anon t peace; and of the current work 
under our Atomic Energy Commission to develop pcacct^e usea of 
atomic energy and radioactivity which are already beg i n n ing to influ¬ 
ence the processes of industiiial production and medical practice, and 
to open entirely new fields of exploration in chemistry, geologj, 
metaUurgy, philology, botany, and agriculture. On the honzon 
still uncertainly loom the possibilities of usof^ production of power 
for ship or aircraft propulsion and other apccial applications of heat 
and power. 

In this stoiy we see the sudden oietging of the results of many lines 
of investigation which had previously proceeded almost mdepeudently; 

50 ytdiB of research on radioiciivity; 20 years' development of hi^- 
voltflge machines; the equivaleiica of mass and energy announced by 
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Einstein as earJj as 1905 as part of his th^oiy of relativity^ several 
clecailes of study of cosmic rays; 50 years' development of electronics; 
die whole modern art of chemical separation; the science of radiolt^v 
whose impetus had come from medical applications of X-rays and 
the rays from radJiuu; the most modern refinements of metallurgyp 
of chemical and electrical engineering. And die practical consum¬ 
mation of die atomic-energy ohjeetives has called upon the highest 
skUls of engineering design and instrumentation^ ft is truly an 
exciting picture! 

1 might have described many other ^cientihe achievements of our 
century^ such as the synthesis of complicated organic chemicals; the 
developments in aer<KJ3mamics or those liko radio, radarj and tele¬ 
vision in the field of communications; the exciting now discovmes of 
liormonc^ and their influence on physiological and emotional processes 
in animals and man; or the growth of the automobile industry which 
lias so profoundly influenced our personal lives and our business 
opera dona. But I elected to dwell at length on this story of atom¬ 
ic energy for several reasons. It is the most striking scientific and 
t>eehtio|ogical dcvolopmcnt of our century; it bcist LI lustra tea the 
methods of scientific discovery and its practical application; from it 
can be drami many lessons^ some of which I would mention. 

The first lesson is the cooperative character of scientific progress, 
depending on the stimulating interplay of ideas and tho accumulatiou 
of facts and s kills contributed by many scientists. In my survey of 
nuclear science progress I mentioned only some of the most significant 
steps in the progresSj, but back of it all and filling in the gaps was the 
work of some thousands of other research workers. 

A second lesson is the uuprcdic table and uncoairoUable origin of 
the new ideas and discoveries which produce scientific progress. It 
was to emphasize this point that I mentioned tho origins of the major 
discoveries which led up to the atomic-energy program. Many 
scientists from many parts of tho world contributed tho building 
blocks which, piled each on the ones below, completed the structure. 
The fact that it was done so quickly ia explained by the quick and free 
channels of conmninicationj often supplemented by personal acquaint 
tancOj which have traditiorially characterized the scientific fraternitj 
the world over. It is more than tragic that any nation should seek 
to restrain the great flow of knowledge across the world or, within 
national boundaries^ should Beck to direct its course or make it sub- 
flervieut to the current poliiicB of the state. That such a policy 
ultimately atifle the birth and development of significant ideas is 
ecfucely open to dispute. For nowhere more than in science is 
Donne's statement true ■'^that each ia a part of the moine/' and tho 
killing off ol scientific ideas in one area impovoriohes the world. 
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Engineering developments can usual]j be carried through in 
Hccordaiico with a plan carefully prepared in advance, and often this 
can be done most effectively by a competent self-contained group like 
a company or a bureau. But scientific discovery, in its very nature 
and as proved by experience, does not progress aocording to pre¬ 
conceived plan and is stifled if attempts are made to control the free 
initiative of tlio research workers or to limit the freedom of com¬ 
munication between them. This is one reason why most of the 
fundamental new scientific discoveries have originated in free eoviron- 
ment of the universities rather than in the quite properly more eon- 
troUed atmosphere of industrial or govennaental laboratories. When, 
however, it comes to practical applications and engineering develop¬ 
ments, then thorough planning and control are essential to efficiency. 
Thus the third lesson which 1 would draw' is this: to llie extent that 
we a'ish funtlamental science to advance, we must main Lain the 
mnyimiim of opportunity for competent scientists to follow their 
own bent and to communicate freely with each other. 

The fourth lesson U, at first sight, in apparent contradiction with 
the last, but actually it is not. It is that teamwork Am proven 
extraordinarily^ eflfectivc in producing results. To a certain extent, 
of course, tcama'ork implies control, a'liich 1 have just decried. But 
what 1 mean by a team is a group of competent and ima^istive 
project lenders whose skills and knowledge supplement each other 
and are supported by the technical assistance required to carry out 
their ideas. Such groups actually provide the maximum opportunity 
for quick initiative and for stimulating interchange of ideas. As 
science becomes more complex, or as its procacal applications come 
more to the fore, the advantages of such team organization become 

more pronounced- , . , 

The fifth lesson, l^llich tieedfi no amplification, is the mcrcofling ex- 
tent to which a basic advance in theory or technique in one branch of 
science is likely to provide new concepts or new tools which can open 
up new fronuera for exploration and exploitation in other fields of 
science or art. This is not a new idea. It was for this reason, for exam¬ 
ple, that the Eockefeller Foundation established, under tho i^tio^ 
Research Council, the great program of National Research FellowslupB 
which were largely effective within a decade or two m nusmg the 
United States from a third-rate to a first-rate world ^sition m scicnoo. 
The Rockefeller Foundation hoped, by thus stimulaU^ advanw in 
the fundamental sdenees, to uncover new avenue of 
medical scienCM hope that has been bnlli^lly JuBtified. ^d 
another lesson which can be drawn comes from the realization that an 
astonishing proportion of today’s leaders in American acii^e, and of 
the project leaders who were the key men m our great scientific pro- 
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gram during World War II, were men who had recoived their mspira- 
tioQ and trainiJ^ in independent rcecarch under this Rational R - 

search Fellowship program, . , , t ■ i.* 

Let me now conclude this address hy a look to the future. I might 

discuss this in terms of current scientific programs. I could d^cir^ 
the race between the ceamioray scientists who, from mountain p, 
airplane, and balloon, seek to utilize the stiU unknown energies of tU^e 
cosmos to search out eren more of nature’s fundamental secrets oI 
matter and energy, aud the high-energy machine swentiste w 
Van do Graaff generator, cyclotron, betatron, and synchrotron, ate 
reproducing cosmic phenotnena in the laboratory. It remain * . 

seen which group will discover the most for the fewest ml 
dollars. This much can be said: both groups are meetrng mtn 
exciting successes, and each stimulates and supplemants t e ' 
Or I could try to describe some of the opportumtics for the u 
radioactive chemical isotopes, produced by Tr,^nit 

piles, as tools in other lines of research. Of this, Dr. At^mlr 

Director of the Division of Biology and Medicine of t e 
Energy Commission, said at the eighth annual science talent dmner 

in WiiahiiigtoTi this month: 

_event, the Bcopfl of which tan be but dimly apprtciated. has 

curred in the developmeat of atomic energy, Finrt, a 
pbyrfcs hM been developed and proved and active 

tiallties is well under way. Second, a method of tagjpne atotta ^ . detail is 

90 that Bhemieal and biolegle processes can bo followed ^ 

now at hand. Through this radioactivity eccurata raesaurement of _j ,fldlo 

titles Is now fcnflible, for as little sa one million billionth of “ll 

phosphoruit may be detefitad. Third, advance in knowirfge of biotogu! 

radiation permits ebaoging some hereditary charaeteristics In plants 

Or I could venture some speculations on the possible futuro role o 
syuthotically manufactured hormones which, adminiatere i 
insulin to a diabetic, could control the tendency to cancer, or piut uc 
a race of giants, or turn a general into a pacifist, or cure a schizop _ni^^ 

Or I might review the interesting theories of the umverse. s 
fioitc; is it expanding 1 is it still being created? what 
heat of the stars and how old are they; what is thev interna _ 
tution and what forces and energies account for their condition 

But such considerations are ruled out by the limitations of bo 
time and my knowledge, 1 shall therefore approach t a 
as I introduced the past, in terms of some of the problems which tac 
our society and in whose solution science may bo able to a^is . 

Tn view of the prodigious strides which science and technology avo 
made in our century, what remains to be acoomplisbed? From our 
own point of view the United States might appear to^be at the 
of its industrial greatness. Tbo young country which, in 1S»9, was 



STATl OF SCIENCE—COMPTON 


407 


JHinding its fbst railroads across aa undeveloped territory and pouring 
eager thousands of its citizens into the frantic California gold rush* 
in 1949 has spread across a contiaent and deveioped the land from 
cmast to coast. Ils teeming agriculture lias raacbed new heights of 
productivity so that we Imve been able to feed not only otirselves but 
miidi of the war-torn world as well. Our mduetries thrive, the 
majority of our people are well employed at good wages, and the chief 
danger seams to be that wo may overextend ourselves and push 
prosperity beyond the point of stability. At a glance^ this picture 
would not seem to leave much for our creative energies. 

A elosor examiniition of the facts leaves less room for complacency. 
Not only do we have loft to solve many problems of our owti areas, 
but vre have facing us also the incecapeblo fact of one world. Even 
if wo were dbposed to pursue our own destiny^ unmindful of tho rest 
of mankind, w'o have recognized that it is impossible to do and 
tliet our national good is strongly linked to the good of tho rest of the 
world. This haa been the philosophy underlying the ^laxshall Plan 
and of much of our postw^ar thinking. 

One of our principal causes of concern as scientists is the grave 
interruption that foreign science suffered by the war* and we are 
anxious for its rehabilitation, Tho destruction of institutions and 
iniplcmcnls of learning boa been a source of distress to scholars 
throughout the ages^ and American scientists have viewed with a 
sense of personal loss the destruction of libraries, laboratories, and 
other important tools of learning as one of the sad byproducts of war. 

We should like to see foreign science restored to its prewar vigor* 
not only in the interest of funtiamental knowledge overywbere, upon 
which we and everyone can draw, but also because of the w^ay in 
which a healthy body of science can contribute to economic and social 
recovery of all nations. 

To my w'ay of thinking, it would bo a helpfid and Icgitmiato thing 
if those countries whoso programs of sdcntific roaeorch were most 
seriously disrupted by tho wm would sci; fit to indudo funds for tho 
rehahilitation of those programs in their requests for Uiuted States 
aid under tho proviaions of the Foreign Assistance Act of 1948. I 
believe that such requests should be sympathetically received, sinco 
sound plans for economic devclopmont must rest upon technology 
supported by fundamental research^ It is not diEhcult to envisage 
the ultimata practical good be derived from renewed investigation 
in euch fields as utilization of bnman resources, food and nutrition, 
medical sciences, chcniistry, pbjsics, metaUuigy, geology* meteor¬ 
ology, hydrology, engineering, and soil mechanics. If only a smaU 
percentage of Marshall-Plan funds were invested in this mortiu^, 
there can be no doubt that rich rctoms of a long-range nature in 
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JTiatcdo] mailers End In good will could be auticipaied, beneficial 
alike to the cotintnea eoncemed and to the United Stales. 

The purposeful employment of science and technology to aid in 
economic reconstruction following a period of disEistcr is no new thing* 
Louis XV established the significant school for ciVUiim education 
in engineering as part of a program prudently directed to realoHog 
French economy from tho depression brought on by the estrava- 
gances of Louis XIV* In similar fashion^ the great Ecole Polj^ccb- 
nique w'as established in Paris in 1705 ea part of the government's 
program of scientific and iechnicfd education designed to repair the 
economic ravages of the French Revolution. For a centuiy^ at 
leasts L'ficolc Poly technique was the world^s outstanding center of 
pure and applied acicnce, and profoundly influenced Fi'cnch social 
end economic progress. 

In Germ any p where the statesmen had a peculiar appreciation for 
the practical values of technological education, this type of school 
was established in part as 4 recovery program from the economic 
chaos brought on by the Napoleotuc Wars, and in part as an aid in 
competing with Great Britain in industry and trade* The famous 
techmcol schools in Germany became the very foundation stone of 
its industrial progress. Of Ihcm Whitehead has said^ 

< . . the Gcrmatl? ejcplicitly the metbada by which the deeper A'eifts 

in the mljao of bciddcc eould be reached. They abolished haphaiftrcl niethede of 
Bclialaffth[p. In their technological ecfaoala and universities progresa did not have 
to wait for Ibc occsi^ional genius or the occasional lucky thought. Their fcalJi of 
soholarEhip during the mDetcculb century waro the adnilratlon cf the world. 
Thi3 discipline of knowledge applies beyond technology to pure sclaDcep and 
beyond eelence to general scbolarehip. It represents the change from amaUfurfl 
to profeselouals . . » 

Closer to our own day, we have the admirable example of tbs 
British, who, following World War I, established the million-pound 
research fund for stimulaiing renewed indiistrial activity. This 
marked the beginning of a groat program of scientific research under 
private management but w'iih government al support which, in the 
Tostilta of fundamental research and creative invention, has becD 
claimed to exceed that of the United States, at least on a per capita 
basis. 

It follows^ then, that ono important taak confronting science and 
technology today is to assist in rescuing world-wddo economy from the 
8ct-back BufFered during World War 11. This appUes not only to the 
other War-devastated countries, but also to our own country where 
also the war seriously diminished the normal supply rate of new 
scientists and etigincers and of new scionlific discovery into those 
Btoekpilcs of trained tcchnologiais and new ideas which should bo our 
moat important future asset. 
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It b to be Loped tUat our leaders of public alloirs, la government 
nod business and the professions, will be no leas fai^ighted than those 
statesmen of earlier days. The postwar interest in research shown 
by our military departments, the favorable prospects for a national 
science foundation, and above all the recently inercased UberalUy of 
American industrial linns in support of fundamental research within 
and without their organizations, are all encouraging signs. 

An aspect of such problems which is in the traditional spirit of 
American altruism, bub which is also of long-ninga bearing on our 
o^TTi welfare, whs ably stated by the President in point four of his 
inaugural address when lie said; 

Wo must embark on n iMld now program for DiAklag t he benefits of our icjeattfio 
advances and industiial progress available for tbe Jinprovameut and growth of 
underdeveloped areas. 

More Iban haLT the people of the world are llvinp: la conditioM approaelUng 
tnlwry. Their food li iuadequalo. They are victinia of disease. Their econoniio 
life la primitive and stagnant. Their poverty ifl a handicap and a threat both to 

them and to inora prosperous Bre,ia. , , ,ti 

For the first time in hLstory, humanity posaciscs the knowledge and the skill 


to ralieve tho aufferJug of these people. 

Already notable steps along such iinea have boon undertaken by a 
number of induslrial companies which have been convinced that tlieir 
long-term profitable businega in relatively undeveloped areas is 
closely linked lo tho improvement in iho living staiidardfl of the 
populations of these countries, for reasons both economic and poUticd, 
Hence wo see skillful programs in progress, by such compames as 
United Fruit, tho oil companica and others, not only to rmso wages 
but, more importantly, to apply the moat modem arts of me^cine 
and public health, soil utilization, seed selection and agncuIturaJ 
technique education and recreation for improving the health, pros¬ 
perity, and morale of the peoples with whom they deal The more 
of this that is done, the lietter and tho safer tbe world will be. 

One of tlio lessons of histoiy is that the improvement of man s 
physical and environmental well-being does much to contribute to 
tho aiminatton of political and social unrest, and that the reverse 
promotes revolution. We know also that the constructive apph^- 
tiotia of science do improve man's environmental well-being d tho 
gains from science are fairly distributed among tbe people. Hence 
we see, in the program advocated by the President, not only a program 
ol alUuiam but also of utlliKUig technology m the mtertsta of pohtical 

ho given expert treatment in one of the panel 
discussions tomorrow. So, in fact, will many other goals of our current 
technological programs, about which I had originally thought of 
speaking And I can obviously do little justice to much m mj few 
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remaiiuDg minutes. 1 would^ therefore, simply state mj credo and 
my conclusions by quoting two paragraphs from my recent Wallhcrg 
IvCCture at the UniTersJty of Toronto: 

people of cur couetries emve peace Aud Becarky. They u'aat protection 
agalnat the perils of Nature, hke Qooda, hurric&pej^r earthouakes, and droughts; 
and agikitu9t ruau-itiado periie of tran^portatloDf and group vioEeoce. Labor 

for ltt«ady employmeat at higher wages, Bhortor houcBp Aud moro eom- 
fortabEe working conditions. They want the quality of goods to go up and pHcea 
to go doft'u. People want Iwtter aud roore adequate houBing. Those in business 
want larger profits^ 'GovemuaeatBi in our eicpanding civillsatloui need more tax 
money. Everybody wants better health. Tho^ who think much beyeud the 
present en^'i^ge ahead what 1 believe to be the grcatcBt nltlmate ebahengc to 
maELkind, and that not many generations in the future- It is the problem of 
maLUtiunlng our growing popuLutions in the face of rapidly depleted natural 
resources without descent Into ft flual world epoch of struggle for bare sunrival- 

If we were to tAke the time to examino into all the^^e need^ and desires of men 
we would discover tw'o facts. One ia that science and engineering have poailivc 
Contributions to make to every one of these requirementB. The other is even 
more striking. I believe that techciologEcal progress la the only common denomin- 
atcr to them all—the only eolutlon which can simnltatieously satbiy theae state¬ 
ments of bnmau needs. LawSp IdeologlcB^ economic theorion ethics, and brotherly 
love can provide orderly distribution^ reduce waato^ and promote good will 
among nien, but they cannot create the wherewithal to satiiSfy ah tho apparenily 
conflicting demands listed above. 

Wo must bo prepared to tako cacb step a$ it corner in theso v'ast 
new fielda w'hich arc open before us. The fact that all the anawcia are 
not imnaedintely at band bt no reason for pe^mism. It b in the 
American spirit of things to w^ant to accomplish everything overnight^ 
and in view of past triumptis of technology perhaps wo may be for¬ 
given for being sanguine of succe^ in this venturo- In ibe long run, 
it is not likely that our confidence will be disappointed. 

In any event, today, aa in every other time, the scientist still stands 
on the threshold of the unknown. Perhaps that is his greatest joy — 
what Huxley more than a half century ago called ^"the supreme dehght 
of extendlug the realm of law and order even farther towards the 
Unattainable goals of the infinitely great and the infimtely smallj 
between which our Uttic race of life is run.'* 
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